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INTERDEPENDANCE  ENTRE  CERTAINES  PROPRIETES 
PHYSICO-MECANIQUES  EX  LES  CONDITIONS 
DE  SYNTHESE  DU  POLYPROPYLENE 

N.  G ol  d enb  er  H.  I St  r at  oiii 
(Rournanie) 


Dans  le  cadre  des  recherches  pour  Pobtention  et  la  transforma- 
tion du  polypropylene,  on  a constate  certaines  influences  des- 
condilions  de  synthese  sur  les  caracteristiques  physico-meca- 
niques  de  ce  polymere. 

La  polymerisation  du  propylene  a ete  executee  d^apres  les 
methodes  habituelles:  comme  matiere  premiere,  on  a utilise  soit 
la  fraction  C3  soit  le  propylene  concentre  et  un  sol- 
vant  hydrocarbure;  comme  catalyseur,  on  a xitilise  les  alcoyles- 
d ’aluminium  et  le  trichlorure  de  titane  dans  un  rapport 
molaire  variant  entre  1 et  9.  On  travaillait  a des  pressions  entre 
8 et  40  atm.  et  des  temperatures  entre  50  et  80"^  C. 

' Par  modification  des  conditions  de  synthese  (rapport  molaire^ 
entre  catalyseur  et  cocatalyseur,  pression  et  temperature  de  tra- 
vail), on  obtient  a volonte  des  polymeres  de  poids  moleculaires* 
divers,  variant  entre  30  000  et  45  000  (determines  par  viscosi- 
metrie),  mais  qui  peuvent  differer  entre  eux  par  la  dispersion 
du  degi^  de  polymerisation  et  leur  teneur  en  cendres. 

En  meme  temps  qu’une  variation  du  degre  de  polymerisation, 
on  enregistre  aussi  une  modification  relative  du  degre  d’isotacti- 
cite. 

L’ etude  des  proprietes  physico-mecaniques  a montre 
que  celles-ci  dependent  eri  premier  lieu  du  poids  moleculaire. 
En  augmentant  le  poids  moleculaire  on  constate  une  elevation 
de  la  resistance  a la  traction,  une  elevation  de  Tindice  de  flui- 
dite  et  de  la  temperature  de  ramollissement  d’apres  Vicat.  Les- 
proprietes  dielectriques  dependent  de  fa^on  sensible  de  la  teneur 
en  cendres  du  polymere, 

Bien  que  les  accroissements  des  proprietes  physico-mecaniques- 
presentent  une  variation  a peu  pres  lineaire,  on  constate,  que  ces- 
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variations  sont  accentuees  de  maniere  differente  dans  les  divers 
intervalles  du  poids  moleculaire.  L' augmentation  de  la  resistan- 
ce a la  traction  est  plus  accentuee  pour  M = 30  000—100  000  tandis 
que  les  indices  de  fluidite  presentent  une  variation  plus  accentuee 
dans  I’intervalle  M = 120  000  — 250  000.  Bien  que  les  poids 
moleculaires  eleves  correspondent  a des  caracteristiques  physico- 
mecaniques  superieures,  cependant  la  technologic  de  la  transfor- 
mation usuelle  limite  Pintervalle  dans  lequel  ces  polymeres 
peuvent  etre  utilises  a des  fins  industrielles.  En  examinant 
l^interdependance  entre  les  conditions  de  transformation  et  le 
poids  moleculaire,  on  a etabli  que  Pintervalle  le  plus  interessant 
du  point  de  vue  pratique  se  situe  entre  100  000  et  220  000,  even- 
tuellement  meme  250  000. 

La  connaissance  de  la  variation  des  proprietes  physico-meca- 
niques  permet  de  trier  les  polymeres  ,en  vue  de  leurs  utilisations 
di  verses. 


ABTope4)epaT 

VcTaHOBJicHO,  UTO  npH  nepepa6oTKe  nojinnponujiCHa  ycjiOBUH 
CHHTesa  oKaauBaiOT  ncKOTopoe  BJiHHHHe  na  $H3HKo-MexaHHuecKiie 
xapaKTepncTHKH  axoro  nojiHMepa. 

JXjih  nojiiiMepnaar^HH  nponHJiena  b KauecxBe  cupbH  ncnojibayex- 
cn  HJiH  nponHJien-nponaHOBaK  $paKu;Hfl  hjih  KOHn;eHTpHpoBaHHbiH 
npoHHJieH  B cpeAe  yrjieBOAopoAHoro  pacTBopHxejiH,  a b KauecxBe 
KaxajiHaaTopa  npHMeHaexcH  ajiKHJiaJiiOMHHHH  h xpexxjiopHCXHm 
xHxaH  npH  MOJiapHOM  cooTHomeHHH,  B npe^ejiax  1 — 9.  PeaKH,HK) 
npoBOAHX  npn  AaBJienHH  b 8—40  arriM  h xeMnepaxype  50—80°. 

HaMeHKH  ycjiOBHH  CHHxeaa  (MOJiapHoe  cooxHomenne  Memjsj  Ka- 
xajiHsaxopoM  h coKaxaJiHsaxopoM,  AaBJieHiie  n xeMnepaxypy),  no- 
jiyaaioT  no  JKejianHjo  noJiniviepBi  c paajiirqHbiMH  MOJieKyjiapHMMn 

BCcaMH  B npeAeaax  30  000—450  000  {onpeAeaenne  npoBeAeno 
BHCKoaHMexpHuecKHM  motoaom).  IIoaHMepti  Moryx  oxanaaxBca 
noanAHcnepcHocxBK)  n soaBHOCXBio. 

C H3MeHeHHeM  cxenenn  noanMepHsaAnn  oSnapyHCHBaexca  H3Me- 
Henne  cxenenn  naoxaKxnnnocxH. 

Hsynenne  ^^HsnKo-MexannnecKHx  cbohcxb  nonasaao,  nxo  onn 
aaBHCHX  npejKAe  Bcero  ox  Moaenyaapnoro  seca.  G pocxoM  Moaeny- 
aapHoro  Bcca  ycxanoBaeno  yBeannenne  conpoxHBaenna  paapHBy, 
xcKynecxH  h xeMnepaxypBi  pasMarnenna  no  Enna.  flnaacKxpn- 
necKne  cBoncxBa  snaanxeabno  saancax  ox  aoabnocxn  noaniviepa.  , 

Xoxa  HSMenenne  (|)H3HKo-MexaHHaecKHX  cbohcxb  npcACxaBaaex 
co6oh  nonxH  annennyio  aaBncHMOCxb  ox  Moaenyaapnoro  neca, 
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yCTaHOBJIGHO,  HTO  3TH  H3MeHeHHfl  BMpaJKeHM  paSJIHWO  B paSJIHH- 
Hbix  HHTepBajiax  MOJieKyjinpHoro  Beca.  Poct  conpoTHBJieHHH  pas- 
ptiBy  BtipajKeH  AJih  M = 30000—100  000,  b to  BpeMa  kbk 
TioKasaTejiL  TeKyaecTH  noKasHsaeT  Sojitmee  HSMenenHe  b HHTepBa- 

-TO  M = 120  000-250  000. 

XoTH  BHCoKHe  MOJieKyjiHpHHe  Beca  cooTBexcTByioT  BHCmeii 
<|)H3HKo-MexaHHHecKOH  xapaKTepHCTHKe,  TexHOJiorHH  o6hhhoh  nepe-. 
pa6oTKn  orpaHHTOBaex  npHMeneHHe  bthx  iiojiHMepoB  b nponaBO^- 
jCTBeHHHx  ii;ejiflx. 

ripn  HCCJieAOBaHHH  sasHCHMOCXH  ycjiOBHH  nepepaSoxKH  ox 
TviojieKyjiHpHoro  Beca  6hjio  ycxaHOBjieHO,  hto  HHxepBaJi, 
KOTopuH  npeAcxaBJiHex  HHxepec  c npaKXHaecKOH  totoh  spenna, 
naxoAHTca  Me>KAy  100  000  n 220  000,  bosmojkho,  a^h^b  250  000. 

B SaBHCHMOCTH.  OX  (|)H3HKO-MexaHHaeCKHX  CBOMCTB  HOaHMepOB 
MO>KHO  npeAJIO>KHTb  pa3JIHHHHe  oSjiaCTH  HX  HCnOJIb30BaHHa. 


Summary 

It  has  been  established  that  in  the  processing  of  propylene 
the  conditions  of  its  synthesis  have  a certain  influence  on  the 
physico-mechanical  properties  of  the  polymer. 

The  raw  materials  in  the  polymerization  of  propylene  are 
ether  propylene-propane  fractions  or  concentrated  propylene  in 
-a  hydrocarbon  solvent,  alkylaluminum  and  titanium  trichloride 
in  molar  ratios  within  the  limits  1—9  serving  as  catalysts. 
The  reaction  is  carried  out  at  pressures  8 — 40  atm.  and  tempera- 
4.ures  50 — 80°. 

By  changing  the  conditions  of  synthesis  (molar  ratio  of  cata- 
lyst: cocatalyst,  pressure  and  temperature)  one  may  obtain  at 
Avill  polymers  with  molecular  weights  varying  from  30000  to 
‘450  000  (determinations  made  with  the  aid  of  the  viscometric 
method).  The  polymers  may  differ  in  polydispersity  and  ash 
•content. 

The  degree  of  isotacticity  changes  with  change  in  the  extent 
nf  polymerization. 

A study  of  the  physico-mechanical  properties  showed  that 
they  depend  predominately  upon  the  molecular  weight.  It  has 
been  found  that  with  growth  in  molecular  weight  there  is  an  increase 
in  tensile  strength,  in  the  fluidity  and  in  the  Vikat  softening 
point.  The  dielectric  properties  are  greatly  dependent  upon  the 
ash  .content. 

Although  the  changes  in  physico-mechanical  properties  are 
almost  a linear  function  of  the  molecular  weight  they  have  been 
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found  to  be  manifested  differently  in  different  molecular  weight 
ranges.  The  growth  in  tensile  strength  is  more  clearly  expressed  for 
M = 30  000—100  000,  whereas  the  index  of  fluidity  shows  change- 
in  the  range  M = 120  000—250  000. 

Although  higher  molecular  weights  correspond  to  higher 
physico-mechanical  characteristics  ordinary  processing  limits- 
the  use  of  polymers  with  such  weights  for  industrial  purposes. 

In  a study  of  the  relation  between  the  processing  conditions- 
and  the  molecular  weight  it  was  found  that  the  range  of  practicaK 
interest  is  between  100  000  and  220000,  and  possibly  even  250000.. 

Depending  upon  their  physico-mechanical  properties  various- 
fields  of  application  of  the  polymers  may  be  recommended. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


CHHTE3  %uc-  H mi?aMC-nOJIHMEPOB  ^HEHOB 
HAfl  GKHCHLIMH  KATAJIH3ATOPAMH  H H3y^EHHE 
HX  CTPyKXyPbl  H CBOfiCTB 

M-  T u HHUoe  a,  B.A.Jlo^zo'n^ocn^  T.  JT.  MypaoAeea^ 
P.  jFT.  Kooa.^eecnaM^T,  H-Kypeuhziina 
(CCCP) 


UssecTHO,  HTo  KaTajiHTiiHecKHe  KOMHJieKCH,  o6pa3yK)in,Hec;i 
Tipii  BsaHMO^encTBHH  MexajiJioopraHHHecKHX  coeAHHeHHii  h raJio- 
remiAOB  THTana,  nosBOJiaiOT  noJiyaaxB  peryjiapHO  nocTpoeHHHe 

aoaHMepti  ah^hob  [1 — 5]. 

HaMH  noKaipaHO,  axo  1,4-ifttc-  a 1 ,4-mpawc-noaHMepH  AnenoB 
aoayaaioxca  npH  noaHMepHsaAHH  iiaA  okhchbimh  KaxaaHaaxopa- 
MH  [6,7], 

1.  Hpa  noJiHMepHsaAHH  AnenoB  na  xpoMOKHCHOM  KaxaaHsaxo- 
pe  (oKiiCb  xpoMa  iia  aJiioMOCiiaHKaxe)  o6pa3yK)xca  l.i-mpaHc-uo- 
aHMepti  (xa6ji.  1) 

IloaiiHaonpeH  iipeACxaBJiaex  co6oh  xsepAHH  npoAyKx, 
HaaHHaioiAHH  pasMaraaxbca  npH  38 — 40°.  Flo  a^hhhm  cneKxpo- 
•CKonaaecKoro  anaJiHsa  b HK-o6aacxH  cneKxpa,  99%  3BeHi>eB  no 
noJiHMepHon  n,enH  HMeiox  1 ,4-?7z/?awc-KOH$iirypaii;HK).  HenachiiAeH- 
HocxB  noJiHMepa,  onpeAeaennaa  no  peaKAnn  c xaopnoAOM,  co- 
•cxaBaaex  100%  ox  xeopim. 

noanGyxaAnen.  IIoayaeHHHn  naMn'  noannep  npeA- 
cxaBaaex  coSoii  KpHCxaaanaecKoe  BoaoKnncxoe  BeiAecxBO, 
nepacTBopuMoe  b 6eH3HHe  n Senaoae  npii  o6HaHOH  xeMnepaxype 
H aexKO  pacxBOpHMoe  b ropaaeM  xoayoae.  MccaeAOBaHiie  HK-cneK- 
xpa  noraom^enna  noaii6yxaAaeHa  npoBOAnan;  a-^^  naenKn,  npuro- 
xoBaennoii  npeccoBanneM  o6pa3i3;a  npn  130°  n A^Baenun  150  arriM. 
IIoayaeHHLiii  cneKxp  noKaaHBaex  pesKiin  MaKciiMyM  noraon^enna  b 
o6aacxH,  cooxBexcxByion],eH  1 ,4-m/ya«c-KOH4)nrypaAnH  SBenbeB.,  B 
o6aacxax,  cooxBexcxByioiAnx  1,2-  ii  l,4-iftic-3BeHbeB,  noraomenne 


1 no;iiiMepn3aii.Hio  npOBOAH.iiM  npii  80°  b OensiiHe  hjih  xojiyojie  npn  co- 
OTHOmeiiiiii  MOHOMep : paoxBupHTeab  = 1:2  (oubeMH.)-  Kaxajinsaxop  ro- 
xOBWJiM  npoiiHXbiBauiieM  aJiiuMucHJiiiKara  pacxBopoM  xpoMOBoro  a^^HApJ^^;:^a  c 
BOcaeayioiAeH  anxiiBaanea  cyxMM  Boa^yxoM  npn  50u— 550°. 
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CBoflcTBa  nojiuMepoB  u conoaHMepoB  ua  ocuoae noay»ieHHhJx 
noanMepnaai^neii  na  xpOMOKHcnoM  KaTaanaaTope 


MOHoiviep 

COCTaB  HCXOflHOft 
CMecH,  Moa.  % 

• 

MoflHoe 

.^Hcao 

noaHMepa 

CocTaB  conoaHMepa, 
Moa.  % 

naOTHOCTb 

noaHMCpa 

CTpyKTypa 

noaHMepa 

' T.  na.  ' 
KpHCTaa-  ■ 
anaecKoro 
noaHMepa, 

T.  CTeK* 
aoBaHHH 
noaHMepa, 

I 

' II 

I 

II 

ByTa^HeH  ...... 

457 

flo  1,015 

KpHCxaaaH- 

135 

(—110) 

^ecKaH 

MaonpeH  * 

373 

0,94 

» 

—70 

neHTa;^HeH-l,3  . . . 

364 

0,89—0,91 

AMop^naa 

* 

—60 

a-ByTGH 

0,96 

KpHCTaaaa- 

145 

aecKaa 

ByTaflHeH  (I)  + 

50 

50 

425 

55 

45 

. 0,918 

AMop$Haa 

—90 

iiaonpen  (II) 

Byia^Hen  (I)+  . . . 

50 

50 

419 

53 

47 

0,910 

» 

—74 

neHTaa.HeH-1,3  (II) 

Ilaonpen  (I)  + • • - 

322 

72 

28 

0,908 

, » 

—74 

3THaeH  (II)  .... 

291 

58 

0,916 

—76 

ByTa;^HeH  (I)  + . . . 

33 

67 

, 405  - 

83 

17 

0,947 

KpHCTaaaa- 

aecKaa 

nponnaen  (II)  . . . 

10 

90 

185 

33 

67 

■ — 

» 

ByiaAHeH  (I)  + . . . 

20 

; 80 

380 

83 

17 

0,95 

130  ' 

a-GyTGH  (II) 
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T a 6 Ji  im  a 2 

UojinMepHaauHH  SyraAMena  ii  iiaoiipeHa  b npHcyrcTBHH  okhck  Ko6ajibTa  ii  AHariijiajiiOMHHBHrajioreHHAOB 


MoHOMCp  II  MeTajuioopra- 

HHqecKoe  cocHHHeHHe 

KaTajiiisaTOp 

KoHneHTpaaHH 
anioMUHHft- 
opraHHqec- 
Koro  coeflH- 

HeHHR,  % OT 
Beca  MOHOMepa 

MojiHpHoe 
cooTHomeHHe 
Co:  A1  (CsHJaHal 

TeMnepa- 
Typa  no- 
JIHMCpHSa- 
HHH,  °C 

TeMnepa* 
Typa  CTOK- 
JIOBaHHR 
nojiHMepa, 

CTpyKTypa  Aenn 

1,2- 

3.4- 

1.4- 

mpanc- 

I^UC- 

ByTaAHeH 

2,46 

1:2,60 

20 

8 

13  , 

79 

^HaTHJiaJIIOMHHHHXJIOpHA 

Okhcb  KoSajiB- 

1,63 

1:2,02 

• 12 

•18 

18 

64 

xa  na  ajiioMo- 

0,90 

00 

00 

o 

25 

—114 

9 

. 

17 

74 

CHJiHKaxe 

0,66 

1 : 0,92 

23 

17 

15 

68 

0,48 

1 :0,26 

23 

—115 

10 

14 

76 

Okhcb  koOhjib- 

0,49 

1 : 0,28 

0 

1 

—112 

■ 7 

18 

75 

xa  6e3  HOCH- 

0,82 

1 : 0,28 

20 

—112 

3 

12 

80  - 

xejiH 

1,51 

1:2,80 

20 

—115 

7 

12 

81 

0,51 

1 : 0,28 

20 

7 

14 

79 

flHaTHJiaJIIOMHHHH6pOMHA 


Maonpen. 

J^ir3THJiaJIK)MIIHHHX;iOpHA 


Okhcb  Ko6ajib- 
Ta  6e3  HOCH- 
TejiH 

Okhcb  KodaJiB- 
la  Ha  ajiioMo- 
cHJiHKaTe 


0,98 

0,61 

0,61 

3,53 

3,53 

0,79 

0,59 


1 :0,5 
1 :3,0 
1 : 1,5 
1 :3,74 
1:3,74 
1 : 0,60 
.1  : 0.77 


20 
20 
20 
40 
40 
25  . 
40 


>51 

-51 

-51 

^53 


18 

17 


14  . 
11 
17 
58 
62 


78 

84. 

78 

21 

18 
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npaKTH^ecKH  OTcyTCTByei.  IIojiHMep  xapaKTepiisyexca  bbico- 
KOH  nJIOTHOCTbK).  PaBJIH^HHe  o6pa3Ii;tI  HMeJIH  nJlOTHOCTb  0,99  — 
1,015,  npoTHB  0,92  ^jih  anop^Horo  noJiHMepa,  npOTeM  njiOTHOCTb 
nepBOH  $paKi3;Hii,  BBiAeJiaeMofi  npn  BtiMtiBaHmi  nojiHMepa 
H3  HaSyxmero  KaxajiHsaTopa,  hbckojibko  nna^e,.  hgm  nocJieAyio- 
iii;hx. 

HaMH  coBMecTHo  c MapeeM  h AjibxmyjiepoM  [5],  nayaena  xeM- 
nepaxypnaa  aaBHCHMocxB  CKopocxn  Ae$opMari;HH  noJiH6yxaAHeHa, 
HaxoAamerocH  noA  AencxEneM  nocxoaHHoro  oKunaiomero  ycnjina 
(25  kFIcm^),  AnajiHS  AH(|)(|)epeHAHajibiiLix  KpiiBbix,  xapaKxepnayio- 
iu,HX  CKopocxb  Ae$opMau,HH  npn  pasJiHaHBix  xeMnepaxypax,  noKa- 
BLiBaex,  axo  KpHBtie  HMeiox  2 MaKCHMyMa.  IlepBLiH,  He6oJibinoH 
MaKCHMyM,  cooxsexcxByex  75 — 80°,  Bxopoii,  rjiaBHbin  MaKCHMyM, 
cooxBexcxByex  125 — 140°.  CjieAyex  oxMexnxb,  axo  BeJiHanna  nepBO- 
ro  MaKCHMyMa  noBLimaexcH  bo  BxopOM  h xpexbCM  AHKJlax  Hcnbixa- 
HHH.  3xoMy  cooxBexcxByex  HeKoxopoe  noHHJKGHHe  hjicxhocxh  hojih- 
Mepa.  BeJiHHHHa  Bxoporo  MaKCHMyMa  naAaex  ox  I k III  ii,HKJiy  iic- 
HHxaHHH,  npHHeM,  xcM  cHJibiiee,  HGM  Bbinie  xeMnepaxypa  m npo- 
AOJiJKHxejibHocxb  nporpesa  o6pa3i;a.  IIpii  axoM  nojiHMep  xepaex 
pacxBOpHMocxb  H npOHCXQAHx  cHHJKeHne  ero  njioxHOCxn,  Koxopaa 
B HGKOxopHX -CJiyaaax  aoxoahxao  hjioxhocxh  aMop(J)Horo  nojiHMepa. 
IIpH  6ojiee  BbicoKOH  xcMnepaxype  (270°  h Bbime)  bcjiga  3a  nepnoAOM 
CHHJKeHHH  njioxHocxH  nojiiiMcpa,  cooxBGxcxByioiAHM  nepexoAy  ero 
B aMOp(|)HOe  COCXOHHHG,  CJIGAyeX  HGpiIOA  nOBblinGHHa  hjioxho- 
cxH.  IlocJieAHHH  o6ycjiOBJieH  yjKe  snaHHXGJibHLiM  pasBHXHGM  npo- 
n;ecca  cxpyKxypHpoBaHna  sa  caex  aboiihhx  CBaaen  noJiHMepHOH 

AGHH. 

rioJiHneHxaAHGH  - 1,3.  IIpH  noJiHMepnaaAHH  nenxaAHG- 
Ha-1,3,  B oxJiHHHG  OX  6yxaAHeHa  h naonpena,  noJiyaaexcH  aMop^- 
Hbiii  noJiHMGp  c yA.  bgcom  0,89,  pacxBopHMbm  b 6GH30Jie;  xGMnopa- 
xypa  cxGKJioBaHHH  (Tc)  noJiHMepa  — 60°.  Ho  AaHHLiM  HK-chgkx- 

pOCKOHHH  nOJIHMGp  HG  COAep?KHX  60KOBLIX  BHHHJIbHbIX  rpyHH,  HXO 
yKasHBBGX  Ha  oxcyxcxBHG  B AGHH  ^parMGHXOB,  coGAHHGHHbix  B no- 
JIOJKGHHH  3,4v  OCHOBHOG  KOJIHHGCXBO  1 ,4~3BGHbGB  npHCOGAHHGHO 
B m/?a/iC-nOJIO>KGHHH. 

2,  Ha  npiiMGpG  naxypaabHorp  KayqyKa  h ryxxanGpaH  ycxanoB- 
JIGHO,  HXO  Tc  nOJIHMGpOB  C tf WC- H m/?a«C-KOH(|)HrypaAHHMH  SBGHbGB 
B AGHH  npaKXHHGCKH  OAHHaKOBB  ( — 71°).  MOH^HO  6bIJIO  OWHAaXb, 
Hxo  Tc  1 ,4-77ZjDawc-noJiH6yxaAHGHa  6jiH3Ka  k Tc  l,4-ifiic-noJiH6yxa- 
AHGHa.  HapyniGHHG  cxpyKxypbi  mpanc-i.i  nyxGM  conoJiHMGpHsa- 
AHH  6yxaAHGHa  hjih  naonpena  c ApyrnMH  cogahhghhhmh  ripHBOAHX 
K nOXGpG  CHOCoGhOCXH  nOJIHMGpa  K KpHCXaJIJIHSaAHH  H K HGpGXOAy 
Gro  B BblCOKOaJiaCXHHGCKOG  COCXOHHHG.  IIpH  COnOJIHMGpH3aiJ,HH  CMG- 
CGH  SyxaAHGHa  C HSOnpGHOM  HJIH  nGHXaAHeHOM-1,3,  a XaK)KG  cmg- 
CGH  H30npGHa  C 9XHJIGHOM,  HOJiyaaiOXCH  aMOp(J)HMG,  aJiaCXHHHblG 
npOAyKXLI,  HMGI0m,H6  Tc,  JIC?Kau;yK)  B HHXGpBaJie  MGH^Ay  Tc  rOMO- 

Iti 
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nojiHMepoB  H3  cooTBeTCTByiomHX  MOHOMepoB  (Ta6ji.  1).  HanpHMep, 

npH  C0n0JIHMepH3aH,HH.  CMGCH  BKBHMOJieKyJIHpHHX  KO^H^eCTB  6y- 
TaAHena  h Haonpena  noJiy^en  aMop^HWH,  ajiacTHHHtiH  noJiHMep 

c Tc  —90 93°.  MeTOAOM  HH^paKpacHon  cneKTpocKonHH  ycxa- 

HOBJieno,  ^To  6yTaAHeHOBHe  h HsonpenoBHe  SBentH  b n;enH  Haxo- 
TOJiBKO  B 1 ,4'/M/?awc-(|)OpMe.  Hcxoji;f[  H3  sHaHeHUH  HeHacBimeH- 
HOCTU  paccTOTaHO,  ^to  b nojiHMepe  coAepH^HTCH  55%  6yTaAiieHo- 

BHX  3BeHbeB.  IIpH  HaJIHHHH  npHMOJIHHeHHOH  SaBHCHMOCTH  MOJK^y 
cocxaBOM  conoJiHMepa  h ero  Tc,  nocjieAHHa  A^HHoro  o6pa3ii;a 
AOJiJKHa  cocxaBHXL  —92°.  B cayaae  Hsonpena  HanSojiee  HHxepecen 
Bapnanx  coaexannfl  ero  c axHJieHOM,  xaK  KaK  dxo  npHBOAHx  k o6- 
paaoBaHHK)  aMop^^Horo  Tnjoawc- no JiHMepa  c Tc  hhjkg,  neM  y naxy- 
pajiBHoro  KaynyKa.  Tan,  Tc  AByx  o6pa3ii;oB  conojiHMepoB  naonpe- 
na  c axHJiGHOM,  coAepn^aiAHX  28  moji.%  h 42  moji.%  axiuiena,  co- 
cxaBJiHA  — 74  H— 76°,  cooxEexcTBenno.  B cjiynae  jinnennon  aaBit- 
CHMOCTH  Rie^KAy  Tc  H cocxaBOM  conoJiHMepa,  paccnnxaHHaa  na 
ocHOBe  nojiyneHHHX  a^hhhx  Tc  nncxoro  noJinaxHJiena  pasna 
—84°.  B cjiynae  6yxaAHeHa  nepexoA  b BBicoKoaJiacTHnecKoe  co- 
CTOHHHe  yAaJiocB  ocymecxBHXB  tojibko  nyxein  conoJiHMepnsamiH 
ero  c H3onpeHOM  hjih  neHxaAHeHOM-1,3. 

BBeAemie  b AenB  Aa^ne  sHannxeJiBHoro.  KOJiiinecTBa  6okobbix 
3XHJIBHBIX  H MGXHJiBHBix  rpynn  (npn  conoJiHMepnsaAHPi  c a-6yxe- 
HOM  H npomiJieHOM)  ne  BBiaHBaex  nepexoAa  nojinnepa  b aMop(|)- 
Hoe  cocxoanne  n nojiynenHBie  noJiHMepBi  6bijih  KpHCxanjinnecKiiMn. 
IIo-BHAHMOMy,  B AaHHOM  cjiynae  mh  nMeeM  abjio  go  cmgcbio  Kpn- 
cxajiJinnecKHX  noJinnepoB  hjih  c KpHCxaJiJiHnecKHMH  SjioK-conoJin- 
RiepaMH.  t 

3.  KaxajiHTHnecKHe  komojibkcbi,  oSpasyioiAHeca  npH  saanMo- 
ABhcxbhh  A^axHaaaioMHHHHraJioreHHAOB  c oKHCJiaMH  KoSaaBxa 
(na  aaioMOCHJiiiKaxHOM  nocHxeae  hjih  6e3  nero),  BBisHBaiox  hojih- 
MepH3an,iiio  6yTaAHeHa  h Hsonpena  npn  0 — 70°.  IIoJiHMepHsaAHa 
oyxaAnena  noA  BJiHanneM  cHCxeMBi,  cocxoamen  h3  okhch  Ko6ajiBxa 
n AH3THJiaaK)MnHHHraJioreHHAOB,  npoxeKaex  co  snaanxeaBHOH  cko- 
pocxBK)  yace  npn  0°.  IIpHMeHeHHe  okhch  Ko6aJiBTa  na  aJiioMocHJiH- 
Kaxe  npHBOAHT  k neKoxopoMy  cnHJKeHHio  cKopocxH.  noayaoHHHe 
npn  0—20°  noJiHMepH  eyraAKena  xapaKxepHsyioxca  Aocxaxoano 
peryjiapHOH  MiiKpocxpyKxypoH  h hmgiot  b ochobhom  1 ,4-KOH^Hry- 
paAHio  BBGHBeB  (ao  92 — 95%),  npHneM  ao  85 — 89%  mohomgphbix 
3BeHBeB  npHCoeAnneHH  b noJio>KeHHH  1,4-if  lic.  KoJinaeoxBO 
l,2-3BeHBeB  B i],enHCOCTaBJiaex5— 8%.  Tlpn  npHRienennH  okhch  ko- 
SajiBxa  na  aaiOMOCHJiHKaTe  Ha6jiK)AaeTca  neKOXopaa  xenAenAna 
K yBeJiHaeHHK)  KOJinaecxBa  l,2-3BeHBeB' b Aenii  (Ta6ji.  2).  BcaeA- 
cxBiie  BBicoKoro  coAepjKaHHa  l,4-3BeHBeB  b ii;enH,  noanMep  HMeex 
HH3KyiO  Tc  (ao  — 115°).  B 3aBHCHM0CTH0TyCJI0BHHn0JIHMepH3an,HH 
MOJieKyjiapHBie  Beca  noJiiiMepOB  Koae6jiioxca  ox  40  000  ao 
2000000.  . : ■ ■ - 
2 MoHjiyiiapOfliihift  cHivinosiiyM,  cenmitt  1 17 
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noJinMepH3ai],na  iisonpena  no^i;  BJiiiHHHeM  HsyaaeMOM  CHCxeMLi 
npoxenaeT  c MenLnieH  CKopocxbio,  aeM  nojiHMepii3an,HH  SyxaAiiena, 
H npii  6ojiee  bbicokoh  xeivinepaxype.  Tan  >Ke,  KaK  h npn  nojinMepn- 
3aB,HH  6yTaAHeHa,  npiiMeneHne  okhch  Ko6ajii>xa  na  ajiioMOCHJiHKaxe 
npHBOfliixK  cHHJKemiK)  CKopocxH  npoij;ecca.  MnKpocxpyKxypa  nojin- 
iisonpena  h ero  Tc  Majio  iiSMenaioxcH  b saBHCHMOCxii  ox  KOHii,eHx- 
pau,HH  aJiioMHHimopraHnaecKoro  coeAnneHiifl  h cooxupmeHiia  mojk- 
]iy  KOMHOHeHxaMH  CHCxeMH.  CyMMapHoe  coAep^KaHne  l,4-3BeHBeB 
B n,enH  cocxaBjiaex  okojio  80%,  npnaeM  6ojibinaH  aacxB  hx  naxo- 
AHXCH  B mpaHc-noJiOTKenw,  Hajiimiie  aobojilho  6ojibmoro  kojih- 
aecxBa  HsonponeHHJiBHbix  rpynri  (17—18%)  npHBOAHx'K  cyiii;ecx- 
BeHHOMy  noBLiineimK)  Tc  nojiiiMepa  (xa6ji.  2). 

ripH  HSyaeHHH  B3aHMOAe&XBHH  KOMnOHGHXOB  CHCXeMH  B MOABJIL- 
HLix  ycJioBHHX  (b  SeHSHHO  iijih  xoJiyoJic)  ycxanoBJieHO,  hxo  b oxjih- 
ane  ox  cHcxeM,  cocxoamiix  h3  MexajiJiopraHHaecKHx  coeAHHeHiiH  h 
HextipexxjiopHCxoro  xiixana,  BaanMOAeHCXBHe  Ai53THJiajii0MHHHH- 
xjiopHAa  c OKHCBK)  KoSajibxa  AaJKe  npii  120"^  ho  conpoBOJKAaexca 
BbiAeJieHHOM  ra30o6pa3HHX  yrjieBOAopoAOB.  Ilocjie  paBpynieHiiH 
cooxBexcxByioiAHX  KOMnjieKCOB  BLiAeJiaexcH  axan  b KOJiaaecxBe, 
cooxBexcxByloiAeM  ero  coflep^KaHHio  b hcxoahom  ajiiOMHHHHopra' 
HHHeCKOM  COeAHHeHHH. 
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^ Summary 

Crystalline  T— 4 trans-polymers  of  butadiene  and  isoprene  of 
regular  structure  are  formed  in  by  polymerization  of  dienes 
on  a chromia  catalyst  (chromium  oxide  on  alumosilicate). 
1 — 4 trans-Polybutadiene  with  a specific  weight  of  1,015  has 
crystalline  modifications  melting  at  75  and  135°  C.  Th^^  1—4 
trans-polyisoprene  resembles  natural  gutta-percha. 
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When  a-bulylene  undergoes  polymerization  On  the  same  cata- 
lyst, a crystalline  polymer  is  formed  of  specific  weight  0,96  and 
melting  point  ca.  140°  C. 

Impairment  of  the  1 — 4 trans  structure  by  copolymerizatioh 
of  butadiene  or  isoprene  with  other  compounds  leads  to  a loss 
of  capacity  for  crystallization  and  to  transition  to  the  high]  ela- 
stic state. 

The  butadiene  — isoprene  copolymer  contains  about  55% 
butadiene  links  while  preserving  the  1—4  trans  structure  of  the 
chain  and  has  a glass  temperature  of  ca.  —90°  C,  coinciding 
with  the  value  calculated  on  the  basis  of  a linear  relation  between 
the  copolymer  composition  and  the  glass  temperature.  ‘ 

By  copolymerization  ethylene  units  could  be  incorporated  in 
the  trans-polyisoprene  chain  to  the  extent  of  ca.  40  mole%.  The 
polymer  formed  has  a glass  temperature  of  —76°  C as  compared 
with  — 71°  C for  1 — 4 polyisoprene. 

Polymerization  of  butadiene  induced  by  the  cobalt  , oxide-die- 
thylaluminumhalides  proceeds  at  a high  rate  already  at  0°  C, 
The  polybutadiene  formed  has  predominately  1—4  links  of  cis 
configuration  (about  85%)  and  only  a small  quantity  (5—8%') 
of  1—2  links.  Owing  to  the  high  content  of  1—4  links  the  polymer 
has  a glass  temperature  as  low  as  —115°  C.  - 

Unlike  organometallic  — titanium  tetrachloride  systems, 
interaction  between  cobalt  oxides  and  organoaluminum  compounds 
in  the  temperatnre  range  0 to  80°  C is  not  accompanied  by 
formation  of  gaseous  hydrocarbon  products. 


Resume 

Au  cours  de  polymerisation  des  dienes  sur  le  catalyseur,— 
I’oxyde  de  chrome  sur  I’alumosilicate,  — • se  forment  i,^trans- 
polymeres  cristallins  a structure  reguliere  de  butadiene  et  d ’iso- 
prene. l,4-f/’ans-Polybutadiene  a poids  specif ique  1,015  a deux 
modifications  cristallines  a temperature  de  fusion  75  et  135°.  Le 
l,4-f/-ans-polyisoprene  est  analogique  a la  gutta-percha  naturelle. 

Par  suite  de.  polymerisation  de  butylene  sur  le  mSme  cataly- 
seur  on  obtient  le  polymere  cristallin  a poids  specif  ique  0,96  et  a 
temperature  de  fusion  140°  environ. 

La  violation  de  la  structure  de  1 ,4-f/'a7is-chaine  par  moyen'de 
copolymerisation  de  butadiene  et  isoprene  avec  d’aubres  compo- 
ses aboutit  a la  perte  de  capacite  du  polymere  a la  cristallisation 
et  a son  transfert  en  etat  de  haute  eiasticite.  • 
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Le  copolymere  de  butadiene  avec  I’isoprene  contenant  envi- 
ron 55%  des  motifs  butadieniques  en  gardant  1 ,4-frares-structure 
de  chaine  a une  temperature  de  vitrification  pres  de  90°,  qui 
coincide  a la  valeur  calculee,  en  partant  de  I’existance  de  depen- 
dance  lineaire  entre  la  composition  de  copolymere  et  son  tempera- 
ture de  vitrification. 

Selon  la  m6thode  de  copolymerisation  on  a introduit  dans  la 
chaine  de  i7*ans-polyisoprene  vers  40%  mol.  des  motifs  dthyldni- 
ques.  Le  polymere  obtenu  a la  temperature  de  vitrification  —76° 
contre  —71°  pour  1,4-polyisoprene. 

La  polymerisation  de  butadiene  sous  1’ influence  du  systeme 
qui  est  compose  de  cobalte  et  de  halogenures  de  diethylaluminium 
se  deroule  a une  vitesse  considerable  meme  a 0°,  Le  polybutadiene 
obtenu  a essentiellement  1,4-cjs-configuration  des  motifs  (a  peu 
pres  85%)  et  seulement  un  petit  nombre  (5 — 8%)  de  1,2-motifs. 
A cause  de  haute  teneur  en  1,4-motifs  le  polymere  a une  basse 
temperature  de  vitrification  (vers  — 115°). 

Contralrement  aux.  systemes,  qui  comportent  les  composes 
metalloorganiques  et  le  tetrachlorure  de  titane,  1 ’interaction 
entre  les  oxydes  de  cobalt  et  les  organo-aluminiens  dans  les  in- 
tervalles  des  temperatures  de  0 a 80°  n ’est  pas  suivie  par  la  forma- 
tion des  hydrocarbures  gazeux. 
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CHHTE3  H nOJIHMEPH3AIl,Hfl 
nOJinaOHPAKPHJIATOB 

H-  K e 0 e r.  B.  K o p o 

10*  M*  ^ u */hunnoe  cna  H 

(CCCP) 


B CoBexcKOM  Goioae  6hji  paspaSoxan  h onHcan  opHranajiMHiii 
npHimHn  CHHxeaa  hoboxo  KJiacca  oiiHroMepHLix  BemecxB  — nenpe- 
fleJIbHtlX  nOJIH3(|)HpOB  [1,2].  ■ 

npiiHi^nn  peaKi];HH  KOHAeHcaii;HOHHOH  xejioMepnaaniHH  [1]  nc- 
nojibsoBaH  AJiH  nojiy^eHMH  noJiH3(|)HpaKpHJiaxoB  h ocHOBan  Ha 
peryjinpoBaHHH  pocxa  ii;enH  npn  noJiH3xepH(J)HKaii;HH  HacBimeH- 

HHX  AByXOCHOBHtlX  KHCJIOX  AByX-  HJIH  HOJIH-aXOMHLIMH  CHHpxaMH 

BBeAGHHeM  flo6aBOK  MOHO(J)yHKi];HOHajibHtix  peareHxoB,  o6ecne- 
HHBaiomHx  noJiyneHne  xejioMepoB  c saAaHHLiM  xhhom  KOHn;eBHx. 
rpynn  — b ^aHHOM  cjiy^iae  MexaRpiuioBux  h^h  aKpnJiOBHx. 

HaaecxHue  noJiH3(|)HpaKpHJiaxBi  pasjiHHajiHCb  npapoAOH  bba- 
xLix  B peaKi3,HK)  AByxocHOBHHx  KHCJIOX  H xjiHKOJieH  npH  o6in,eHr 
AJiH  Bcex  CHHxesnpoBaHHHX  coeAHHeHHH  cxeneHH  noJiHMepnsa- 
i];hh  n=i, 

OAHaKo  npHHAnn  peaKAHH  KOHAeHcaniHOHHOH  xejiOMepHsasAHH 
oSycjiOBJiHBaex  bosmojkhocxb  nojiyneHHH  (npH  AaHHbix  iicxoahhx. 
KHCJioxax  H rjiHKOJie)  npaKxn^ecKH  neorpaHHHeHHoro  nncjia  pas- 
jiHHHWx  noJiH3$HpaKpHJiaxoB  c mnpoKHM  HHxepBajiOM  cxeneHH  !no- 
jiHMepH3aii;HH,  b nepBOM  npn6jiHH^eHHH  onpeAeJiaeMOH  ypapHe-^ 
HHOM  [1]  ^ . 


„ 2 mK\  ^ 

[OKI  • ’ 


TAe  [IIK]  — qHCJio  mojigh  ahyxochobhoh  khcjioth,  [0K\  — tocjiO’ 

MOJieH  OAHOOCHOBHOH  KHCJIOXH,  Kp  — KOHCXaHXa  CKOpOCXH  pocxa. 
Aenn;  — KOHCxanxa  CKopocxH.  oSpHBa  Aenn  (b  HCCJieAyeMHX 
ycjiOBHflx  i ; ‘ 
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<E>ii3HKo-xuMiiqecKHe  noKasaTe^iiH  nojiua4)HpaKpnjiaTOB 


T a 6 ji  H ii:  a 
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yCJIOBHOe 
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KOH 
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qacjio 

^20 

MRj) 

o6o3Ha*ieHHe 
HHMeTaKpHJiaT 
nOJlH-(HH9TH-  ; 
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Hait^eH-  Bp,iqncjieH' 

Hoe  noe 

.1:1 

Mfl<D-l 

492  — 

478 

461,5 

469 

69,4 

88,8 

1,4930 

1,1475 

121,1  118,6 

1 : 1 

Ma<D-2 

654  728 

714 

459,1 

473 

39,8 

44,8 

1,5150 

1,2130 

177,5  175,2 

1 :0,5 

MA®-4 

— 1137 

.1187 

462,2 

473 

25,4; 

26,9 

1,5291 

1,2450 

290,0  287,5 

1:0,25 

~ 2275 

2132 

457,4 

474 

17,4 

14,9 

1,5340 

1,248 

530  518 

1 :0,'l 

MA®-20 

4282 

4966 

453,0 

474 

5,74 

6,4 

1,5479 

1,308 

1205  1192 
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U^ejiLK)  HacToaiu.eH  paSoxti  6hjio  nojiyaeHHe  TCJiOMep-roMOJioroB 
6oJiee  BHCOKOH  CTeneHH  noJiHMepH3an;HH  h Hayaenne  hx  cbohctb 

KaK  (|)yHKii;HH  a*^hhbi  oJiHroMepHOH  u,enH, 

HccjiGAOBanna  npoBOAHJiH  na  npniviepe  peaKAHH  ^xajieBoro 
anrHApHA^?  AnaTiiJieHrjiHKOJiH  h MeTaKpHJiOBOH  khcjioth,  A03h- 
pOBKH  KOTOpOH  BapbHpOBaJIHCL  13]. 

Ilpn  HBMeneHHH  MOJiapHoro  cooTHomenHK  ^xajieBaa  khcjio- 
xa  : MGxaKpHJiOBaa  Kncjioxa  ox  1 : 2 ao  1 : 0,1  b corjiacHU  c ypaBne- 
HHeM  (1)  nojiyaaioxca  noJinacpHpaKpHJiaxHi,  ocHOBHaa  Macca  koxo- 
pHx  cocxoHX  H3  HOJiTia^HpoB  — CO  cxenGHbio  noJinMepHaaAHH 
(/i)  ox,  1 AO  20  — oSmei  ^opMyjiBi: 

^ CII3  . . CH3 

CH2  = C~C00R0[0CR'C00R0]„0C~C-CH2  • 

FAC  R — aJiKHJi;  R'  — aaKiia  hjih  apaji,  axo  noAXBep?KAaexca 
({)M3HKO-xiiMHaecKHMH  noKaaaxeaaMH,  nojiyaenaLiMH  a*®^  axax 
npoAyKXOB  (xa6jiHAa). 

IIpH  HBMeneHHH  ox  2 AO  20  cxpyKxypaaa  BasKOCXb  A^Mexa- 
KpHJiax-nojin-(AH9THaeHrjiHKOJib)(|)xajiaxoB  [M^O  ] Bospacxaex 

ox  150  AO  — 8000  caaxHCXoKCOB  (npa  20°).  , 

roMonoji0MepH3au,Hfl  nojiHd^HpaKpHJiaxoB  . 

KiiHexHKy  noaiiMepHsaann  noJina^HpaKpHaaxoB  HsyaaJiH, 
raasHbiM  o6pa30M,  npn  homoiah  xepMOMexpnaecKOH  mgxoahkh, 
npHMGHaBinGHca  b A^yx  BapnaHxax:  H30XGpMHaGCKOM,  KoxopUH 
Obia  onacan  paHGG  [4],  a KaaopaMGxpaaGCKOM,  BKJiioaaBiTiGM 
• ynoxpeSaGnae  ynponi,eHHoro  KajiopHMexpa  c peaKAaoHHHM  cocy- 
AOM  cnGAaaJibHOH  KoacxpyKaaa. 

KaHGxaaGCKaG  oco6GHaocxa  paAHKaJibHO-AGnHoii  noJiHMepa- 
aapaa  noaaa^apakpaJiaxoB  oSycjiOBJiGHH  b ochobhom'  Asy^a  cjig- 
Ayioni,aMa  o6cxoax6JibcxBaMa: 

1.  MoJiGKyjibi  ojiaroMGpa  aMGiox  no  abg  KpaxHMX  cpasa.  Ecjim 
Aaana  KaHGxaaGCKoa  Aena  hg  cJiamKOM  MaJia,  xo  b xpAO  nojiaivie- 
paaaAaa  Kaa<Aaa  MOJiGKyjia  ojiaroMGpa  OKasuBaGxca  CBasanHoa 
\c  HGTbipbMa  ApyrnMa  MOJiGKyjiaMa,  bcaoapxbhg  aaro  o6pa3yGxca 
ijpJiBMGpHbia  npoAyKT.  c CGxaaxoH  xpGXMepHOH  cxpyKxypoa. 

N2i  HapacxaaaG  ,Ba3KOCxn  pGakAaoHHoa  cacxGMLi  c yBGJinaGHa- 
eM  ray6nHH  (a)  xpGXMGpaoa  noJiaMepaaaAna  npoxGKaGx  cxojib 
6hc’:’PO,  axo  b o6nx6M  cjiyaae  y>KG  npa  a = 5— 10%  nojiaMGp-Mo- 
HOMG  ^aaa  cmgcb  xGpaex  xGKyaecxb  a npGkpaiAaGXca  b nAoxHbta 

cxyA^  AB.  r 1 ' 

EaJiGG  10  Jiex  aaaaA  6biJio  oSaapy^KGao  [5—7],  axo  aapacxaHHG 
BasKacxn  b xoao  nojiaMopasaAna  npaBOAHX  k caJibaoMy  aBxoycKo- 
pGBHK)  (xaK  aaabiBaGMbia  «rGJib-a$(J)eKx»),  axo  o6ycjiOBji6ao 
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SHaHHTejibHHM  (Ha  2—3  nopnAKa)  yMenbineHMeM  KOHCTaHXH  cko- 
pocTH  o6pMBa  ^ew  [5—9]  no  Mepe  saTpyAHenna  AH$$y3HH  cbo- 
6oahhx  paAHKaJiOB  b OTBepjKAaioiAeHCH  peaKAHOHHOH  CHCxeMe. 
OAHaKo,ecjiH  b cjiyaae  jiHHeflHon  noJiHMepnsaAHH  MeTHJiMexaKpHjia- 
xa  «reaL-9$(|)eKT»  Ha6jiiOAaeTca  Jinnib  npn  a^25— 30%,  xo  b cay- 
aae  xpexAiepnon  noanMepHsaAHH  noana^HpaKpnaaxoB  bhbkocxb 
HBMeHaexca  HacxoabKo  6MCxpo,  axo  anxcycKopenne  cxanoBiixca 
npaKXHaecKH  saMexHLiM  b caMOMnaaaae  npeBpani,eHHa  (pnc.  l,a) 

TaKHM  o6pa30M,  npoii;ecc  c caMoro  naaaaa  pasBHBaexca  ne- 
cxaAHOHapHO,  xan  Kan  b xoAe  noaHMepHsai^HH  npoHCxoAHX  iia- 
Konaenne  paAHKaaoB  — HOCHxeaen  ii;eneH.  KoHAeHxpaAHH  no- 
caeAHHX  b aone  peaKAHH  na  raySoKHX  cxaAnax  noaHMepnaaAiLH 
paBHa  10^® — 10^®  napaMaxHHXHHX  aacxHn;  na  1 cm^  (nsMepeiio 
RiexoAOM  OnP  Ha  o6pa3n;ax  xpHBXHaeHraiiKoaLAHMexaKpnaaxa, 
oxBepjKAaBHiHXCH  npH  20—25°  b npncyxcxBHn  — 1%  nepeKncH 
6eH30Haa  h ~1%  AHMexHaannaHHa).  OopMa  cnruaaa  OIIP  a*^h 
HaKanaHBaioin,erocH  paAHKaaa  npaKXHaecKn  ne  oxanaaoxca  ox 
xaKOBOH  a*JIh  HoaHAiexnaMexaKpHaaxHoro  paAHKaaa. 

Pa36aBaeHHe  peaKAHOHHOH  cHCxeMu  HeBasKiiAi  pacxBOpHxe- 
aeM  yMeHBmaex  CKopocxL  noaHMepnsaAHH  ne  xoatKO  BcaeACXBne 
BaHHHHH  pacxBopHxeaa  na  CKopocxb  oxAeatHHX  aaeMenxapiiHx 
aKxoB;  3X0  yMeHBmeHHe  oOycaoBaeno,  b BHaanxeabHOH  cxeneHH, 
CHHJKeHHeAI  HCXOAHOH  BH3KOCXH  peaKAHOHHOH  CHCXeMLI,  a XaKJKG 
CHHjKeHHeAi  cnoco6HOCXH  CHCxeMH  K cxpyKxypooSpaaoBaHHK), 
0 aeAi  CBHAeTeaLCxsyex  yAanHenne  nepnoAa  HHAyKAHH  (pnc.  2,6) 
c yMeHLHieHHeM  KOHAGHxpaAHH  oanroMepa  b pacxBope.  9xo  o6o- 
3Haaaex,  axo  aeAi  AieHBme  chocoChocxb  noaiiMepnaaAHOHHOH  ch- 
cxeMBi  K oSpaaoBaHHK)  cxpyKxypLi,  cxaSnananpyion^eH  CBo6oAHBie 
paAHKaaBi,  xom  6oaee  AJinxeaBHoe  Bpena  xpe6yexca  ajih  AOCXH>Ke- 
hhk  ycaoBHii,  b KoxopBix  cKopocxB  oCpBiBa  AenH  aHMHxnpyexca 
AH$$y3HeH.  KaK  bhaho  h3  pHC.  2,  e,  c yBeanaenneM  bhbkocxh  pac- 
XBopnxeaa  CKopocxB  noaHMepnaaniHH  npn  npoanx  paBHBix  ycao- 
BHHX  pe3Ko  Boapacxaex.  , . 

1 Ha  Bcex  pncynKax  r/Pj^gj^^—  OTHOmeHiie  xeKyiAea  rjiy6nHM  npe- 
BpameHHH  K MaKCHMaatHOH. 


Phc.  If  a,  6.  noaHMepH3aAHH  noana^HpaKpuaaTOB  npn  25® 

a—  B djiOKe;  KOHi^eHTpaiBm  nHHBHaxopa:  0,25  % nepeKucii  OenaoHjia  h 0,25%  ^HMeraji- 
aHBtjiHHa;  i — nHMeTaKpHaaTTpHaxujieHrjiHKOJib;  2 — MAO  ‘-1;  3 — MAO-2;;  6 — 

B pacxBOpe  B OeHBOJie;  l — KOHBenxpai^HH  MAO-1  32%,  nepeKHCH  OeHsomia  l%,j;;iiMe- 
xiiJiaHHjiHHa  1%;  2 — KOHaeHxpaixHfl  MAO-2  32%,.  nepeKHCii  OeHaoiijia  1%,  flrtMexHa- 
aHHjiHHa  1%;  3 — KOHx^eHxpanjm  MAO-2  49%,nepeKHcH  GeHaoima  0,5% ,ji;nMexnJi?HHjiHHa 
0,5%;  4 — KOHiteHxpaipiH  MAO-2  43%;  nepeKHCH  OeHsoHjia  0,5%,  AiiMexHjiaHiijiHL*i(  0,5%; 
5* — KOHpeHXpaAHH  MAO-2  25%;  nepeKHcn  GeHsoHJia  0,5%;  AiiMexiiJiaHiijinHai  0,5% ; 
6 — KOHpeHxpaaHH  AHMexaKpHJiaxxpHaxHjieHrjiHKOJiH  35%,  iiepcKficH  GenaoHjiaj  0,5%, 

AHMexHJiaHiijiHHa  0,5%. 
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20  ^0  60  60  IDO 

dpem'.MUH 


Piic.  2/ a,  6y  tf.  nojiiiMepH3au.Hfl  AHMeTaKpujiaTTpitaTHneHrjiHKOJiH  npn  20°. 

^ B gjioi^e;  B :ripHcyTCTBHri‘ 'KHrHGHTOpa- OeHaoxHHOHa;  KOnpeHTpaipiJi  HHHi^iaTOpa 

2%  nepeniicH  OeHsonjia,  1%  HMMetoaHUJiHHa;  i — 0,003  85,  2 — 0,0074,  6 — 0,0138. 

4 0 032,  5 — 0,064%  irnrHOiiTOpa  deiiaoxiuiOHa;  6 — b pacTBOpe  b CcHBOjie;  KOHi^CHTpa- 

mm  HHHp/iaTOpa:  2%nepeF{Hcn  OenaoiiJia,  1%  aiiMeTnaaHHjiHHa;  KOHpeHTpaiWH  OeHsojia: 
/ 0,  2—20,  3 — 40,  4 — 60, — 80%; 
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Pile.  2.  — B pacTBOpe;  i — HOHu,eHTpamiH  b iiojiiifliiBTHJieurjiHhojiL^TajiaTe  oJiiiroMe- 

pa  2,5%,  nepCKHCH  Genaoiuia  0,24% , HHMeTHJiaHHjiHHa  0,12%;  2 — KOHnenTpau^H  !B' 'rpH- 
aTiiJiCH  rjiBKOjieoJiHrowepa  2,5%,  ne'peHUcii  GcHaonjia , 0,5 % , . AHMerHjiaiiiuiHna  . Oj  1 % 

BjiiiaHne  MaJiLix  ^oGaaoK  a4)(|)eKTHBHBix  HuraGnTopoB  (xhhoii) 
Ha  noJiHMepH3an;HK)  noJiH3(|)HpaKpHJiaTOB  TaKH^e  OTJiHaaexcH  ox 
iia6jiK)AaeMoro  b cjiyaae  JinnenHOH  noJiHMepH3an;HH.  HoKasaHo 
[11]  ,aTO  B xo^e  HHAyKH;HOHHoro  nepnoAa  npn  ’HHrHCHpOBAHao'fi 
noJiMMepH3aii;HH  cpeflHHH  fliJinna  KimexHaecKOH  n;enH  vHOCTHrafex 
10  3BeHLeB.  npH  jiHHeHHOH  nojiHMepHsai^HH  xaKoe  npeBpaniiietoe 

He  npHBOAHT  K yBeJIHHeHHK)  BHBKOCTH,  a npH  XpeXMepHdii— '33“- 
RiexHO  yBejiHHHBaex  bhskoctl,  BCJieACXBne  aero  ajieAieHXapliaH 
peaKi],Hfl  BsanMOAencTBHH  cboSoahoxo  paflimajia  c MOJieKyjioii 
nHrii6iiTopa  nepexofl,HT  b AH^^ysHOHHyio  o6jiacTB,  3$(|)eKTHBHOCTB 
nHniSiiTopa  saMexiio  CHHJKaexcH  h emgcto  oxHexjiHBO  BHpajKGHHoro 
nepiioAa  HHflyKi^iiH  Ha6JiioflaeTCH  jihdib  nepnoA  saxopMOJKeH- 
Horo  npeBpameHHfl  (pnc.  2,  a).  IIocKOJibKy  3$(|)eKXHBH0CXB  hhih- 
Giixopia  no  Mepe  npeBpameHHH  na^aox  “iBce  CHJiBnee . h cjajiBHee, 
HecMoxpH  Ha  ero  npHGyxcxBHe,  HaaHHaexca  anxcycKopenne  ii 
AeHcxBiie  HHrH6HXopa,  xaKHM  oSpaaoM,  ne  HcnepnBiBaexcH  HanajiB- 
hbim  nepHOAOM,  a aojijkho  yHHXBiBaxBCH  n na  rjiySoKHX  exa^nax. 
KpoMe  xoro,  npn  o6cy>KAaHHH  bjihhhhh  hhxhShxopob  Heo6x6AHMo 
npHHHMaXB  BO  BHHMaHHe,  HXO  B HpHCyXCXBHH  HHXHSHXOpOB  yXyA" 
maexca  chocoShocxb  chcxgmbi  k cxpyKxypooSpasoBaHHio.  * ■ * 
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Ha  pHC.  I, a npeACTaBJieHH  KHKera^ecKHe  KpHBbie  a-Jih  nojm- 
Mepii3aii;HH  noJina^npaKpiiJiaTOB  b 6jioKe  b cpaBHiiMBix  ycjiOBMHx. 
PaSJIHHHe  B HX  peaKIJIHOHHOH  CIIOCoShOCTH,  nO-BHAHMOMy , B 3Ha- 
HHTeJibHOH  CTeneHH  o6ycjiOBJieHo  yBeJiHneHneM  hcxoahoh  bhsko- 
CTH  H CIIOCoShOCTH  K CTpyKTypOoSpaSOBaHHK)  npH  yAJIHHeHHM  OJIIl- 
roMepHOH  AenH,  xeM  SoJiee,  hto  npH  nojiHMepii3aAHH  xex  me  no- 
jiH3$HpaKpHJiaxoB  B HeBflSKnx  pacxBOpHxejiflx,  paaJiiinHe  b mx 
peaKD,HOHHOH  cnocoGnocxH  HnseJinpyexcH  (pnc.  1,^). 

TpexMepHBiH  npoAyKx  nojinMepii3aii;Hn  noJiiia^npaKpujiaxoB 
nepacTBopiiM,  ne  njiaBHxcn,  Aocxaxonno  xepMocxoeK  (ao  xeMnepa- 
xyp  200—250°).  MexanmecKHe  CBoncxBa  ero  AaBHcnx  ox  ajihhh 
AenH  oJinroMepa:  b cjiynae  KopoxKHX  ii;eneH  o6pa3yK)TCH  xpynkne 
xeepAbie  cxeKJia,  b cjiynae  onenb  a^shbix  (n>4)  — ajiacxHTObie, 
b cjiynae  n = 2 nponnue  xBepAbie  cxeKJia. 

noJiHa^npaKpHJiaxbi  c /i  = 8 npn  oxBopn^Aefinn  npeBpaiAaioxca 
B pesHHonoAoSHMH  MaxepnaJi,  a noJin3(J)Hp  o n = 20  noJiHMepn- 
syexca  xoJibKo  ao  cxyAneoSpaanoro  npoAy^xa.  HpeAcxaBjmex 
SHaHHxejibHbiH  HHxepec  chocoShocxb  noJiH3(|)HpaKpHJiaxoB  c 6oJib- 
HiHM  pa3MepoM  cjio>KH034>HpHoro  6™Ka  (/i>2)  npeBpani,axbCfl 
npn  KOMHaxHOH  xeMnepaxype  b oxcyxcxBne  HHHAHHpyioiii,iix  cn- 
CTOM  B paCXBOpiIMblH  B OpraHHHeCKHX  paCXBOpHXeJIHX,  COAepJKa- 
lAHH  ABOHHbie  CBH3H,  pasBexBJieHHbiH  nopoinKoo6pa3HMii  6eJibiH 
noJiHMOp.  B onpeAOJiOHHbix  ycJioBnax  h HHHAHupOBaHHaa  nojiHMO- 
pH3an.Ha  noJina^npaKpiiJiaxoB  mojkox  Smxb  HanpaBJiena  b cxopony 
oSpaaoBaHHH  axoro  pasBexBJieHHoro,  ne  HMeioiAero  nonepeanbix 
CBRBeH  nojiHMepnoro  npoAyKxa. 

noJiH3$HpaKpHJiaxbi  B npucyxcxBHH  paAHKaJibHO-AonHHX  hhh- 
AHaxopoB  conoJiHMepH3yK)xca  co  cxiipoJiOM  (40 — 50%),  MexiiJiMex- 
aKpHJiaxoM  H ApyrnMH  biihhjiobmmm  MOHOMepaMH  c o6pa30Ba- 
HneM  HonjiaBKHX  II  nepacxBopHMbix  noJiiiMepHHx  npOAyKXOB. 

HciIHXaHHH  HOJIHMepOB  H COnOJIHMepOB  Ha  ochobo  hobhx  xh- 
noB  noJiH3(J)HpaKpHJiaxoB  noKaaajiH,  axo  nocjieAHHe  Moryx  HaiixH 
imipoKoe  npHMeneHHe  b pasjiHanbix  oSjiacxax  xgxhhkm. 
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Summary 

The  method  of  telomerization  has  been  employed  in  the  syn- 
thesis  of  the  telomer  homologs  of  polyacrylateesters  with  succes- 
sively increasing  degrees  of  polymerization  (n)  and  of  telomers 
differing  in  the  nature  of  the  polyester  chain. 

Compounds  have  been  synthesized  of  the  general  formula 

CHs  CHa 

1 I 

CHa  = C — COORO  - [-  OCRiCOORO  — - OC  — C = CHa 

where  R and  R^  are  alkyl  or  aryl  radicals  and  n=2,  4,  8 and  20. 

With  change  in  (n)  from  2 to  20  the  structural  viscosity  of  the 
polyacrylateesters  increased  from  150  to  8000  centistokes  (20  ), 
the  specific  gravity  from  1.213  to  1.308  and  n}?  from  1.515  to 
1.5479. 

The  presence  of  double  bonds  in  the  molecnles.  of  the  poly- 
ncrylateesters  synthesized  made  it  possible  to  carry  out  their 
polymerization  (hardening)  in  the  presence  of  radical  chain  ini- 
tiators with  the  formation  of  glassy  or  elastic,  insoluble,  non- 
melting polymers  of  sufficient  thermal  stability  and  endowed  with 
a number  of  valuable  properties  so  as  to  be  of  considerable  practi- 
cal potentiality. 

The  changes  in  physical  properties  of  the  reaction  system  (gela- 
tion, gradual  increase  in  density  and  finally  the  formation  of  a 
glass  structure)  in  the  course  of  the  polymerization  beginning 
from  the  very  early  stages  (the  gelation  point  is  reached  at  5 
10%  conversion)  are  responsible  for  a number  of  specificities 
in  the  kinetics  of  the  hardening  of  polyacrylate  esters.  Owing 
to  this  we  undertook  a detailed  investigation  of  the  polymerization 
kinetics  under  widely  varying  conditions.  Polymerization  in  bulk- 
takes  place  autocatalytically  since  with  increasing  degree  of 
structuration  in  the  course  of  polymerization  the  rate  of  diffu- 
sion of  free  radicals  diminished,  leading  to  a decrease  in  rate  of 
chain  termination.  The  rate  of  reaction  begins  to  diminish  mar- 
kedly only  at  large  extents  of  polymerization. 

A stndy  has  been  made  of  the  effect  of  diluting  the  reaction 
mixtnre  with  an  inert  solvent,  of  the  initiation  rate,  nature  of 
the  initiating  agent,  temperature,  chemical  structure  of  the  ini- 
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tial  polyacrylabe  ester,  as  well  as  of  the  addition  of  inhibi- 
ting agents  on  the  polymerization  kinetics.  The  results  obtained 
have  been  discussed  from  the  standpoint  of  the  capacity  of 
the  system  for  structuration  under,  the  various  conditions  of 
reaction. 

The  heats  of  hardening  of  the  polyacrylate  esters  with  succes- 
sively increasing  distance  between  the  terminal  double  bonds 
have  been  measured  and  their  values  have  been  discussed  with 
respect  to  the  reaction  mechanism. 


Resume 

Dans  le  travail  une  methode  de  la  telomerisation  de 
a ete  utilisee  pour  la  synthese  des  telomeres -homologues 
des  acrylates  polyesteriques  avec  la  croissance  successive  du 
degre  de  polymerisation  (az)  ainsi  que  des  telomeres  differencies 
selon  la  nature  de  chaine  polyesterique. 

On  a obtenu  des  composes  ayaiit  une  formule  generale: 

CHs  . CH3 

CU2  = C ~ GOORO  [OCRiCOORO]^  OC  — G = GHg 

(oil  R et  Ri  sont  des  radicaux  alcoyliques  et  aryliques  avec 
n = 2,  4,  8 et  20). 

Si  n varie  de  2 a 20  la  viscosite  structurelle  des  acrylates 
polyesteriques  s’accroit  de  150  a 8000  centistocks  (a  20°),  le 
poids  moleculaire,  de  1.213  a 1.308,  de  1,515  a 1.5479. 

L’existance  de  doubles  liaisons  dans  les  molecules  d’acrylates 
polyesteriques  synthetises . a permis  de  les  polymeriser  (durcis- 
ser)  en  presence  des  initiateurs  radicalaires  en  formant  des 
polymerisats  vitreux  et  elastiques,  insolubles,  infusibles,  assez 
thermostables  et  possedant  un  complexe  des  proprietes  physico- 
mecaniques  precieuses  ce  qui  donne  la  perspective  pour  leur 
utilisation  industrielle. 

Le  changement  des  proprietes  physiques  du  systeme  reaction- 
nel  (formation  du  gel,  Taccroissement  successif  de  sa  densite 
et,  enfin,  formation  de  structure  vitreuse)  au  cours  de  polymeri- 
sation commen^ant  dans  les  premiers  stades  de  reaction  (le  point 
de  formation  du  gel  a lieu  au  degre  de  conversion  de  5— 10%) 
cause  toute  une  serie  de  particularites  cinetiques  de  durcisse- 
ment  des  acrylates  polyesteriques,  aussi  avons-nous  entrepris 
une  etude  detaillee  de  la  cinetique  de  polymerisation  dans  des 
conditions  largement  variees. 

5f5  . ' 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


La  polymerisation  en  bloc  s’effectue  autocatalytiquement  car 
ail  fur  et  a mesure  d’ elevation  du  degre  de  formation  de  structure 
au  cours  de  polymerisation  la  vitesse  de  diffusion  des  radicaux 
libres  diminue  ce  qui  cause  une. diminution  de  la  vitesse  de  ruptu- 
re de  chaine. 

Le  ralentissement  de  la  reaction  ne  devient  sensible  que  pour 
de  tres  hauts  degres  de  conversion. 

On  a etudie  r influence  de  la  dilution  du  systeme  reactiormel 
par  un  solvant  inerte,  1 ’influence  de  la  vitesse  d’amor^age,  de 
la  nature  de  I’initiateur,  de  la  temperature,  de  la  structure  chi- 
mique  de  I’acrylate  polyesterique  initial  ainsi  que  1 ’influence 
des  additions  d’inhibiteurs  sur  le  caractere  de  la  cinetique  de 
polymerisation.  Des  resultats  obtenus  ont  ete  discutes  du  point 
de  vue  de  I’aptitude  du  systeme  reactionnel  a la  formation  de 
structure  dans  de  diverses  conditions  d ’execution  du  processus. 

On  a mesure  les  chaleurs  de  durcissement  des  acrylates  poly- 
esterique avec  une  augmentation  successive  de  la  distance  entre- 
doubles  liaisons  termineuses  et  on  a discute  leur  valeur  du  point 
de  vue  du  mecanisme  de  durcissement. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


bilan  total  (tab.  1)  de  ces'acides,  on  en  manque  40—50%.  Dans 
le  cas  de  glycolyse,  ce  n’est  pas  surprenant  parce  que  I’addition 
vLte  des  anions  alcoyles  a la  liaison  double  fumarique  est  connue 
•depuis  longtemps.  Les  resultats  de  Thydrolyse  peuvent  etre 
Interpretes  grace  a I’etude  cinetique  de  Taddition  d'eau  laquelle 
a ete  publiee  recemment  par  Erickson. 

Tableau  1 


Determination  des  acides  libres  fumarique  et  maleinique 


fgravirnetrie  + conductimet- 
rie 

11,38 

'6,98 

5,34 

3,92 

3,32 

2,95 

l,03o/„ 

hydrolyse  + polarograpbie  . 

6,72 

i4,75 

5,34 

2,92 

1,53 

1,21 

0,39o/„ 

glycolyse  + polarographie  . 

4,69 

|4,06' 

‘2,75 

2,76 

1,40 

1,06 

0,57»/o 

En  appliquant,  a nos  conditions,  les  Constances  de  vitesse  pu- 
bliees,  on  obtient  un  degre  d ’addition  de  50%,  ce  qui  est  en  bon 
.accord  avec  les  resultats  experimentaux.  C’est  par  cette  reaction 
laterale  que  les  quantites  d ’acides  libres  reductibles  a 1’ electrode 
de  mercure  sont  rendues  moins  elevees,  et  par  consequence, les 
valeurs  de  conversion  de  copblymerisation  semblent  etre  plus 
■elevees.  Voila  pourquoi  le  controle  polarographique  etait  mis  a 
part,  et  I’analyse  gravimetrique  et  conductimetrique  appliquee 
aux  recberches  suivantes. 

1.  Tout  d’abord,  on  a etudie  le  cours  de  la  copolymerisation. 
Suppose  que  les  memes  parametres  gouvernent  la  copolymerisaT 
tion  du  styrene  avec  les  diesters  et  polyesters  fumariques,  on  a 
•calcule  la  composition  moyenne  des  copolymeres.  Au  debut  de 
la  reaction,  on  a trouve  un  accord  satisfaisant  des  resultats  caE 
cules  et  ceux  experimentaux  (fig.  1).  On  se  rend  compte  de  ce  que 
♦cette  concordance  ne  demontre  pas  I’identite  exacte  des  paramet- 
res des  deux  couples,  mais  on  pent  supposer,  pour  raison  structu- 
relles,  que  les  parametres  reels  ne  soient  pas  trop  eloignes.  Cette 
.supposition  permet  d’ interpreter  les  donnees  experimentales 
•d’une  maniere  qualitative.  Aux  stades  avances  de  reaction,  la 
composition  des  copolymeres  trouvee'  differe  de  la  composition 
calculee.  Les  copolymeres  sont  plus  riches  en  styrene.  Voila 
pourquoi  la  conversion  finale  des  groupes  fumariques  ne  s’ap- 
proche  de  100%  qu’aux  cas  exceptionnels  dont  1’ importance  pra- 
tique est  minimale. 

2.  Si  le  melange  du  styrene  et  du  polyester  est  dilue  par  un 
:solvant,  par  un  ester  phtalique  par  exemple,  les  conversions 
augmentent,  passent  un  maximum,  et  puis  reviennent  aux  valeurs 
voisines  de  celles  des  melanges  non  - dilues.  Cependant  I’effet 
du  solvant  n’excede  pas  10%  du  maximum  (fig.  2). 
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Fig.  1.  Copolymerisatioii  du  styrene 
avec  un  polyester  Composition  dii  co- 
polymere  en  fonction  de  la  conversion 
de  monomeres 

50.. ...  fraction  molalre  du  styrene  initial 

5.. ..  fraction  molalre  du  styrene  dans  le 

copolymSre 

K conversion  des  monomeres 


Fig,  3.  Conversion  des  groupes  fuma- 
riques  (e)  en  fonction  de  la  composi- 
tion du  melange  initial 

F,,  ....  fraction  molalre  des  fumarates  ini- 
tiale 

O-  ••  melange  dilud  par  DBF  20%, 

-h  melange  non-dilud 
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%BBF 

Fig.  2.  Conversion  des  groupes 
fumariques  (e)  en  fonction 
de  dilution 

DBF...  phtalate  de  butyle 


6 


Fig.  4 Conversion  des  groupes  fuma- 
riques (e)  en  fonction  de  composition 
et  de  structure  des  polyesters 

i — Courbe  exp^rimental'e,  Courbe  de 
Funke,  5— Courbe  calculde  des  mal dates  purs 
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3.  Pour  estimer  rinfluence  du  composant  polyfonctionnel,  on 
a polymerise  un  polyester  avec  le  styrene,  en  proportions  diffe- 
rentes,  dans  un  melange  contenant  20%  de  phtalate  de  butyle. 
La  figure  3 represente  la  function  reliant  la  conversion  des  grou- 
ppes  fumariques  avec  le  contenu  de  ces  dernieres  dans  le  melange 
Initial.  On  observe  un  point  d 'inflexion  situe  pres  de  Fq=  0,43, 
oe  qui  correspond  a la  composition  azeotropique  du  systeme 
styrene  - fumarate  d'ethyle.  Moins  elevees  les  conversions, 
plus  grande  est  la  fraction  molaire  de  polyester. 

Si  la  fraction  excede  celle  du  melange  azeotropique,  la 
polymerisation  des  groupes  fumariques  doit  se  derouler  exclu- 
sivement  au  stade  final.  Cette  reaction  etant  extremement 
Jente,  la  polymerisation  est  stoppee  sans  atteindre  une  con- 
version complete.  Si  les  groupes  fumariques  sont,  au  surplus, 
fixees  au  reseau  de  polymere,  leur  mobilite,  et  par 'consequen- 
ce, la  reactivite  et  la  conversion  finale  sont  reduites. 

Si  la  fractionF^  est  plus  petite  que  celle  azeotropique,  les  grou- 
pes fumariques  s'epuisent  plus  vite  que  le  styrene. Voila  pourquoi 
on  pourrait  compter  sur  uiie  conversion  complete,  si  d'autres 
facteurs  n'intervenaient,  en  limitant  par  example  la  mobilite 
des  groupes  et  des  radicaux.  La  mobility  depend  de  la  densite 
du  reseau,  laquelle  est  determine  par  la  proportion  styrene  /po- 
lyester et  par  la  structure  de  la  chaine  de  polyester.  Pour  estimer 
Limportance  de  ces  facteurs,  on  a analyse  les  polyesters  contenanl 
des  glycols  et  des  acides  divers  modifiants  en  proportions  diffe* 
rentes.  Les  resultats  en  sont  reuni  dans  la  figure  4.  Le  role  decisif 
de  la  proportion  styrene/polyester  s’y  manifesto  d’une  maniere 
univoque  tandis  que  la  structure  de  la  chaine  de  polyester  n’exerce 
aucune  influence  signifiante. 

4.  La  figure  montre  un  accord  avec  des  donnees  de  Hayes  et 
un  disaccord  considerable  avec  celles  de  Funke.  Afin  d'expliquer 
ce  desaccord,  on  a d'abord  compare  la  m^thode  modifiee  avec 
celle  de  Funke.  Les  resultats  fournis  par  la  seconde  etaient  un 
peu  plus  bas.  Gbmme  les  resultats ‘de  la  methode  modifiee  etai- 
ent constatns  independemment  de  la  duree  de  glycolyse,  la  pe- 
tite difference  observee  a ete  attribute  aux  pertes  pendant  Lisor 
lation  du  copolymere  d’apres  Funke  (tab.  2). 

Cependant,  cette  difference  est  trop  insignifiante  pour  qu'elle 
puisse  se  manifester  dans  la  conversion  d/une  maniere  remar- 
•quable.  Voila  pourquoi  il  a fallu  chercher  une  autre  explication: 
Les  experiences  de  notre  collegue  Klaban  ont  demontre  que.le 
regime  de  polyesterification,  specialement  la  temperature,  exerce 
une  influence  penetrante  a 1 ’isomerisation  cis-trans  des  polyesters; 
plus  elevee  est  la  temperature,  plus  elevee  est  I’isomerisation. 
Dans  le  travail  present,  les  polyesters  ont  ete  prepares  a une 
temperature  de  230°  C,  et  ils  possedent  une  haute  fraction  de 

G1 
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T a b I c a ii  2\ 


Grlycolyse 

Hydrolyse 

suppl^men- 

taire 

Copolym^re 

% 

Analyse  du 
copolym^re 
(%  acide 
fumarique) 

Remarque 

30  min 

120  min 

45,51 

120 

30 

41,39 

33,43  ■ 

240 

30 

41,86 

33,62 

240 

120 

. 41,90 

33,52 

480 

30 

41,10 

33,46 

— 

— 

39,79 

33,04 

d’apres  Funke 
(20  heures) 

forme  fumarique,  89%  en  moyeime.  Au  contraire,  les  produits 
de  Funke  ont  ete- prepares  a 100—130''  G,  et  ils  contieunent  pro- 
bablement  une  quantile  considerable  de  liaisons  cis,  c^est-a- 
dire,  des  groupes  maleiniques. 

Les  parametres  du  couple  styrene  — esters  maleiniques  favori- 
sent  r addition  styrene  — styrene  de  telle  maniere  que  le  styrene- 
soil  epuise,  quand  la  conversion  des  maleates  n’atteint  que  50%, 
comme  le  demontre  la  courbe  calculee  pour  le  couple  styrene  — 
maleate  d'ethyle. 

La  courbe  de  Funke  est  situee  entre  celles  des  maleates  purs  et 
celle  des  polyesters  preponderamment  fumariques.  On  arrive  a 
une  conclusion  vraisemblable  que  c^est  Tisomerisation  incomple- 
te qui  reduit  la  conversion  des  polyesters,  dans  le  travail  de  Fun- 
ke. et  qu’il  faut  respecter  cette  isomerisation  dans  toutes  les  etudes.. 
Les  resultats  de  present  travail  peuvent  etre  resumes  en  conclu 
sions  suivantes: 

1.  La  glycolyse  des  polyesters,  sous  controles  gravimetrique- 
et  conductimetrique,  est  plus  vite  et  plus  satisfaisante  que  le 
proces  de  la  degradation  au  milieu  d’eau  ou  d^alcool  benzylique. 
Elle  pent  etre  appliquee  pour  les  etudes  cinetiques  de  copoly- 
merisation. 

2.  La  conversion  finale  de  copolymerisation  des  polyesters- 
depend  de  la  proportion  styrene/groupes  fumariques,  de  la  di- 
lution et  du  degre  d 'isomerisation  cis-trans. 

. 3.  La  structure  du  polyester  n'exerce  aucune  influence  signi- 
fiante  a la  conversion. 
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ABTope<J)epaT 

HccjieAOBaHiie  coctoht  b Hay^ieHiiH  conojiiiMepH3aij,HH  CTiipoJia 
c HeHacbiin,eHHHMH  noJiHa(|)HpaMii  mbtoaom,  onncaHHiiiM  panee. 
Hsy'^ajiocb  BJinaHiie  MOAH(|)iin,HpyK)in,Hx,  HenojmiviepHayioiAHXCfl 
KHCJioT  (4)TaJieBoii,  HHTapHOH,  3HAOMeTHJieH  - TeTpariiApo(j)Tajie- 
bom)  Ha  MOJieKyjiHpHHO  Beca  nojiH3{j[)HpoB.  HccjieAOBaJiocB  TaK>Ke 
BJiHHHHe  ocjia6jieHHH  $yMapoBHx  CBH3eH,  o6ycjioBJieHHoro  ko-. 
JIHHeCTBOM  MOAM(j[)MU;HpyK)III,HX  KHCJIOT,  CTHpOJia  H njiaCTH(|)HKaTO- 
pa,  H AJiHHOH  rjiHKOJieBOH  nienn. 

YcTaHOBJieHO,  hto  KOHi];eHTpaii;HH  (|)yMapoBHX  rpynn  conojin- 
MopoB  6HJia  BcerAa  MeHtme,  hom  npeACKaaanHaa,  hcxoah  h3  cocxa- 
Ba  HCXOAHOH  CMOCH.  CoCXaB  COnOJIHMepOB  SaBHCHT  OT  KOHAOHTpa- 
AHH  MOAH$Hn;MpyK)in;eH  khcjioth,  ot  a«^hhli  rjiHKOJieBOH  n;enH  h 
OT  MOJieKyjiapHoro  Beca  noJiH3(|)Hpa.  Paajriraia  npHnncanbi  cxe- 
piiaecKHM  3$$eKTaM. 

PeayjibTaTbi  npeAHAymax  pa6oT  o6cy>KAaK)TCH  c aToii  to^kh 
speHHH. 


Summary 

The  copolymerization  of  styrene  with  unsaturated  polyesters 
has  been  investigated  with  the  aid  of  a procedure  described  ear- 
lier. The  effect  of  non-polymerizing  modifier  acids  (phthalic, 
succinic,  endomethylene  - tetrahydrophthalic)  on  the  molecu- 
lar weights  of  the  polyesters  has  been  elucidated.  A study  was 
also  made  of  the  effect  of  weakening  the  fumaric  links  with  respect 
to  the  amounts  of  modifying  acids,  styrene  and  plasticizer  and 
to  the  length  of  the  glycol  chain. 

The  concentration  of  fumaric  groups  was  always  found  to  be 
less  than  that  predicted  from  the  initial  mixture  composition. 
The  copolymer  composition  depends  upon  the  concentration  of 
the  modifier  acid,  upon  the  length  of  the  glycol  chain  and  upon 
the  molecular  weight  of  the  polyester.  The  differences  are  ascribed 
to  steric  effects. 

The  results  of  previous  investigations  are  discussed  from  this 
standpoint. 
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HOBbifl  cnocoB  nojiy^EHHfl  cjioacHbix  nojiHaoHPOB 

H HX  OJinrOMEPOB 

H.  3uAi>6epMan^  A,  JS.  K y ^unoe  a, 

H.  M.  TeTiJiJiuoe 
(CCCP) , 


npH  BsaHMOAeiioTBiiM  Ha  xoJiOAy  hhtphjiob  c HCIm  cnHpTaMH 
o6pa3yK)TCH  xJiopraApaTti  HMHHoa^npOB,  rnApoJiHSOM  KOTopMX, 
KaK  HSBecTHo,  nojiynaioT  cjioJKHue  a^Hpfci: 


RCN  + R'OH  + HCl  ■ 


NH2n+ 

y 


RG 


\ . 

OR' J 


Cl-  — ^ RC^ 


\ 

OR' 


+ NH4CI  (1) 


npHBeAeHHaa  peaKi^iiH  HcnoJibSOBaHa  ajia  nojiyneuMfl  cjiom- 
HBIX  nOJIH3(|)HpOB  H HX  OJIHrOMBpOB  H3  AHHHTpHJIOB,  TJIHKOJieH  M 
HCl.  HaAO  noJiaraTB,  hto  o6pa30BaHHe  cojigh  hmhho3(J)hpob,  na- 
HHHaiOIAeQCH  C BSaHMOAeiiCTBHH  HHTPHJIOB  H HCl,  npOTOKaeT  B 
COOTBGTCTBHH  C OAHOH  H3  CJIGAyiOIRHX  cxgm: 


+ + R'OH 

RGN  + HCl  RCN -HCl  [RG  =NIi^RG  = NH]  Cl  [RG=:NH]+G1- 


0 

/\ 

R'  H 


NH2 


RG 

OR'  J 


1+ 


ci- 


(2) 


RCN  + 2HC1  : 


r NHa-i 

+ 

r NHa- 

/ 

R'OH 

y 

RG 

Cl- 

RG 

\ 

■ \ 

L Cl  J 

L OR' J 

ci- 


(3) 
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Mbi  npeAnoJio5KiiJiH,  hto  b cjty^ae  hhtpiijiob,  o5jiaAaioiii,HX  b 
peaKn^HHX,  noAoSnHX  cHHTeay  rajioHArHApaxoB  hmhho3$hpob,  bbi^ 
coKOH  peaKi^HOHHOH  cnoco6HOCTbK)  (t.  e.,  npn  ciiJibHoajieKTpooT-. 
pnii;aTejibHOM  ocxaTKe  R),  hcthhhbih  MexannaM  BaanMOAeficTBiia* 
MejKAy  HCXOAHHMH  KOMnoHeHxaMH  oxpajKaexcH  rjiaBHHM  oSpasoM 
cxeMOH  (2).  B cjiy^ae  tko  HnxpHJiOBi  co  cpeAnen  peaKAHOHHOH  cno- 
'coShocxbh)  h b HacxHOCTH,  ajiH(|)axHHecKHX  amhxphaob,  xJiopHAi^t 
HMOHHHXJIOpHAOB  I (cXGMa  3)  flBJIHIOTCH  Ba>KHBIMH  HpOMeHCyXO^I- 
HBiMH  npoAyKxaMH  peaKAHH.  PaarpanmeHne  bo  BpeMenn  nppn;ec- 

COB  o6pa30BaHHH  XJIOpHAOB  HMOHHHXJIOpHAOB  H HX  BSaHMOABHCX- 
BHH  CO  cnnpxaMH  hosbojihjio  HaM  pa3pa6oxaxb  moxoah  nojiyneHHH 
XJIOprHApaXOB  n0JIHHMHH09{J)np0B  H HX  OJIIirOMepOB  [2], 

CkHTOS  CJIOJKHBIX  nOJIH3$HpOB  npOBOAHJIH  CJIGAyiOIAHM  66pa- 

30M.  PacxBop  AHHHxpHJia  B 3(J)Hpe,  AHOKcane  hjih  ApyroM  oprann- 
HecKOM  pacxBopHxeJie  npn  0—5"^  nacLtmaJiH  xjiopncxBiM  BOAopo- 
AOM.  Ilocjie  nepeMeniHBaHHK  b xenenHe  1 — 2 nac.  AoSaBJiHJiH  Okbh- 
MOJiapHoe  KOJiHHecxBO  rjiHKOJiH  H npoAOJiHcaJiH  nepeMemHBaHne 
eiAe  HecKOJibKo  nacoB.  06pa30BaBmHecH  cojih  nojiHHMHH09(|)HpoB 
BHnaAaJiH  b ocbaok  b bhao  tbgpahx  npoAyKxoB  hjih  oxcjiaHBaJiHCb 
B BiiAe  rycxLix  >KHAKocxeH.  Ho  ncxeaeHHH  cyxoK  b npiicyxcxBiiii 

HJIH  B OXCyXCXBHO  OCHOBaHHH  HpOBOAHJIH  rHApOJIHS:  . 

rHoN  NH, 

4HCI  \ y 

ncrcn  CRC 

/ \ : 

L Cl  Cl 


ClNl-MICl  ClIi^HN  NH.HCl 

1 II  il  !!  .H,o  , . 

->  IIClvHN  = CRC [OR'OGRGHn  — OR'OH 1 ; 

• 0 0 0 

II  ■ ll  • II  . ‘ : . i • 

->NCRC-[OR'OCRC],,  — OR'OH +(2n  + l)NH4Cl.  | (4) 

B HOJiyHeHHBix  6ejiBix  nopoinKoo6pa3Hbix  nojiH9$Hpax  (xa6ji.  1) 
onpeAeJiHJiH  coAepjKaHHe  hhxphjibhhx  h rnApoKcnJibHux  rpyrin, 
a xaKHte  xjiopa.  J^anHue  onpeAeJieHHH  kohaobbix  rpynn  6bijih 
HCn0JIb30BaHBI  AJIR  BHHHCJieHHfl  MOJieKyjIHpHBIX  BeCOB  nOJIH9(j)H- 
poB.  KpoMG  xoro,  onpeAejiflJiH  yAeJibnyio  bhskocxb  0,5%;-HBrx 
paCXBOpOB  n0JIH9(j)Hp0B  B XpHKpeSOJie. 

XIpH  .CHHxeae  noJiH9(|)HpoB  na  ochobo  axHJienrjiHKOJiH  h w-kch- 
jiHJieHrjiHKOJiH  B HOKoxopBix  cjiyHaflX  noJiyneHHBie  npoAyKXbi  ne 
C0Aep5KaJiH  rHApoK.CHJibHBix  rpynn.  yAeABHaa  bhbkocxb  pacxBO- 
poB  9XHX  nojiH9(|)HpoB  B xpHKpesojie,  Kak  npaBHJio,  6BiJia  hhhcg, 

6 MOKAynapOHHUM  ciiMnoanyM,  ceKi;HH  I /-r 
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..  . , . Ta6jiHi^al 

nojina^Bpbi , noayHeHHbie  H3  rjiHKOJiefi  a AiiuiiTpBaoB  NCRCO— - [OR'OCORCO]^  — OR'X,  rAe  X = OH  bjih  Cl 


- HcxoAHue  npoffyKTu  (no  0,05  moasi) 

Buxofl,  % 
OT  xeopeT. 

I CBOftCTBa  nOJIHS^HpOB 

rjiHKOnb  ‘ 

AHHHTpHJl 

T.  nji.,  ®C 

YACJibHaH 

BHSKOCTb 

0,5%-Horo 

pacTBOpa 

B Tpnnpe- 
gojie 

coAepmanne  KonneBux 
rpynn,  Mz-dnefz 
BcmeoTB 

Moji.  sec 
(no 

KonnesuM 
rpynn aM) 

-CN  I -OH  I -Cl 

TeMnepamypa  o6pa3oea?iUH  coAeu  nojiuuMunod^upoe  — 5® — 7° 


HOCH2CH2OH  . ■ j 

NC(CH2)4CN.,-  . - 

NC(CH2)8CN 
n-NCCH2C6H4CH2CN  ‘ 

86 

85  I 
96 

39 

69—70 

102—107 

0,08 

0,07 

0,06 

0,61 

0,77 

1,34 

0,58 

0,65 

0,13 

0,03 

0,41 

0,08 

1640 

1310 

1290 

NC(CH2)4CN 

72 

48 

0,09 

0,77 

0,50  ‘ 

— 

1570. : 

NG(CH2),CN 

94 

37 

0,09 

1,03 

0,16 

— 

1680 

H0(CH2)46H 

NC(CH2)8CN 

80 

59—60 

0,07 

0,49 

1,06 

• — 

1290  . 

n-NCCH2CeH4CHaCN 

99  ; 

59—63 

0,06 

0,95' 

0,55 

— 

1330 

(hoch2CH)20  : I 

NC(CH2)8CN 

85 

44  . 

0,09  . 

0,89 

0,32 

0,i2 

1500 

NC(CH2)4CN  ■ 

89 

64—70 

0,05 

1,31 

0,41 

0,44 

930 

/».>H0CH2C6HtCH20H  ‘ j 

NC{CH2),CN 

82 

55-59 

0,05 

1,41 

0,36  j 

1,33 

650 

NC(CH2)8CN 

97 

. 82-84 

0,05 

0,83 

0,52 

1,50 

* .700 

TeMnepamypa  o6paaoeaHUH  coAeii  noAUUMunod^upi 

oe  20-^25^ 

NC(CH2)8CN 

91 

74—77 . 

0,06 

1,02 

0,42 

0,71 

930 

HOCH2CH20H  , 

NC{CH2)8CN 

80 

55-56 

0,04 

1,31 

0,95 

0,52 

720 

HO(CH2)40H 

NC(CH2)4CN 

79 

58—65  . 

0,04 

1,03 

0,32  ^ 

0,94 

910  : 

n-HOCHaCeHiCHaOH 

NC(CH2)8CN 

78 

73—80 

0,04  j 

1,55 

— 

1,35 

690 

» B3HTO  0,065  MOJIH  HHHHTpHJia. 
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HGM  COOTBeTCTByiOmHX  nOJIH3$HpOB  C KOHI^eBHMH  THApOKCHJIbHHMH 
rpynnaMH.  OKasaJiocB,  mto  KOHi^eBLie  cmipTOBLie  rpynnH  arax 
noJiH3$HpoB  eme  na  cxaAHH  oSpaaoBaHiiH  xjioprnApaTOB  hojihhmh- 
H03(J)HpoB  3aMem,ajiHCB  Ha  axoMBi  xjiopa.  9xa  noScHHan  peaKDiHH 
B SHaHHxejiBHOH  cxeneHH  no^aBJinJiacB,  ecjin  nojiynenHe  xjioprn^- 
paXOB  n0JIHHMHH03$Hp0B  (BBIflepH^Ka  HOCJie  AoSaBJieHHH  rjIHKOJia) 
BGJiH  npH  xeMnepaxype  hhjkg  0°  .(Ta6ji.  1). 

B pHAe  cjiyaaeB,  HanpHMep,  npH  B3aHMOAeHCXBHH  aseJiaHHOHHx- 
pHJia  c axHJienrjiHKOJieM  h AHaxHJienrjinKOJieM  hjih  aAnnoHHxpHJia 
H n-KCHjiHJiGHAHAHaHa  c AHaxHJienrjiHKOJieM,  noJiyaenH  hgoaho- 
poAHHe  nacxooSpasHtie  hjih  5KHAKHe  npoAyKxu,  noApo6HO  ne 
HCCJieAOBaHHBie. 

OjinroMepH.  Ilpn  BoaAencxBHH  na  ynoMHHyxHe  BBime  ajiH^a- 
XHHeCKHG  AHXJIOpHAH  AHHMOHHHXJIOpHAOB  ABOHHHMH  MOJIKpHtlMH 

KOJiH^ecxBaMH  rjiHKOJieH  nojiynajiH  cojiHHOKHCJiHe  cojih  ammhho- 

3$HpOB,  KOXOpBie  C H36hXKOM  BOABI  AftBaJIH  C XOpomHMH  BHXOAaMH 
<0,(l)'-AHOKCHaJIKHJIOBBie  3$HpBI  AByXOCHOBHBIX  aJIH^aXHHGCKHX 
KHCJIOX: 


HaN 

C(CHa)^G 
/ \ . 
Cl  Cl  J 


2Cl-  + 2HO(CHa)^OH 


r NHa  NHa 

!!  II  . 

.-HO(CHa)^  OG(CHa)„CO  (GHa)^  OH 


-]++ 

H2O 

J 2C1' ^ 


0 . 0 
li  II 

HO  (CHa)^  OC(CHa)„  CO  (CHa^OH. 


tS) 


Hs  aAHHOHHXpHJia,  BBHAy  HBSHpaxeJIBHOH  peaKIJ,H0HH0Cn0C06- 
HOCXH  npncyxcxByioiAHX  b hgm  hhxphjibhbix  rpynn  npn  rHApoxjiO- 
pnpOBaHHH  MOHCHO  HOJiyHHXB  C KOJIHHeCXBeHHHM  BHXOAOM  XJIOpHA 
S-AnaHBaJiepHMOHHHXJiopHAa.  IIocjieAHHH  OKaaaJica  hckjiiohH- 
xejiBHO  yAo6HHM  B KaaecxBG  npoMe>KyxoHHoro  npoAyKxa  b paA© 
CHHxe30B.  Panee'  h3  aero  6hjjh  noayaeHH  6-ii;HaHBajiepaMHA  h 
ajiKHaoBBie  3$HpH  S-AHaHBajiepHaHOBOH  KHcaoxH  [1].  B aokjih- 
AHBaeMOH  pa6oxe  c skbhmojihphhm  h hoaobhhhbim  mojihphbim  ko- 
JiHaecxBOM  a,a)-rjiHKOJieH  aepe3  cojih  hmhho3$hpob  noayaeHEi 
COOXBeXCXBGHHO  (O-OKCHaJIKHJIOBBIG  3(|)HpH  6-AiiaHBajiepHaHOBofi 
KHCJioxBi  H AH-Cfi-mHaHBaJiGpaxH)  a,a)-rjiHKoa6H: 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


. ;NC^GH3)4.GH:  ^ 

, \ , i2HCl  - '^  : 


rNG(CI-l2)4GO(GHJ  OH 

• Mi.  ■ .<• 

I ' , . . NHa 


GI- 


■ NG(CH2)4G0(GH2)^0C(G  H2)4GN  -]++  2CI- 

■’'•■■I!  • . ■ II  • . • 

L NHs  NHo 


^ ::.Ne(GH3)4GO'(GH^)^OH 
0 


NG(GH2)4G0(Gi/^)^0G(GH2)^^^^^ 
- ■ II  ■ II 


0 ’ 0 


(7,8) 


XapaKxepHCTHKa  nojiyqeHUHx  coeAHHeHHH  - npHEe^ena  b 
TaSji.  2.  Bee.  yKaa.aHHtie  ojinrokepLi  CHHTesHpoBaHbi  naMn 
BnepBue.  ‘ ^ r . ^ ^ 


T a 6 Ji  im  a 2 


XapauTCpHcniKii  nojiyiDHiiux  onnro>iepaB 


0 Ji  n r 6 M e p Li  ^ i : , , \ ' 

Bbixofl, 

■ •% 

T.  rur., 

' °c 

4 

H0(CH2)400C(CH2)4C00(CH2)40H 

96,5 

1,4660 

1,1042 

H0(GH2)500G(GH2)4G00(GH2)50H 

,92 , 1 

19,5 

. 1,4695 

1,0674 

H0(CH2)600C(CHa)4C00(CH2)6dH 

84,3 

‘ ' 24 

1,4605 1 

1,04381 

H0(GH2)400G(GH2)8G00(GH2)40I-1 

82,0 

45 

— 

— 

NG(GH2)4G00(CH3)40H 

80,0 

— 

1,4588 

1,0791 

NG(GH2)4G00(GH2)60H 

1 97,6 

.36 

NG(CH2)4G00(GH2)400G(CH2)4GN 

■97,4 

• 

1,4643  ■ 

1,0891 

NG(GH2)4G00(CH2)500G(GH2)4GN  ’ 

:•  98,0 

' 1,4579. 

1,0546 

NG(GH2)4G00(GH2)60(DG(GH2)4GN 

: 82,0- 

1 ' ■ . , ■ 

1 — 

1,4521 

I 1,0263- :■ 

1 MaMepeiio  npK-  25°. 

• ‘ ' j 


; TaKHM  oSpaSOM,  B BaBHOHMOCTH  OT  COOTHOineHflH  Me>KAy  AH- 
iHHxpnjiOM,  rjiHKOJieM  H HCl,  peaKii,HH  Me>KAy  hhmh  moh^gt  6hti> 
liianpaBjieHa  b exopony  ciinxesa  HHBKOMGJieKyjinpHLix  gjiojkhhx 

noJiH34)HpoB  hjim;  <sooTBe,xCTByioiii.n;x  ojiHroMepoB^  , • 
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Summary 

Until  recently  the  salts  of  iminoesters  were  prepared  in  gene- 
ral only  from  monofunctional  nitriles,  and  alcohols:  Jp  the  papers 
published  by  us  in  .1959  we  have  shown  that  chlorides  of  imoniumij 
chlorides,  produced  by  interaction  between  nitriles  and  . hydrogeil) 
chloride  in.  1 : 2 molar  ratios,will  on  reaction  in  the  cold:with  equi- 
valent amounts  of  primary  alcohols  give.  a high  yield  of  iihino  esteri 
chlorides  that  in  the  presence, of  water  wiU  hydrolyze  tOithe  esfeersi) 

■ . y 

RG  = N + 2IIC1;:!  RG 

\ 

• C 

" ^ .o',  . 

RC  +NH4CI 

I . 

OR'  . !•  . 

All  investigation  into  the  mechanism  of  reaction  between  nit- 
riles, hydrogen  chloride  and  alcohols  led  to  the  synthesis  of  imino- 
esters using  bifunctional  reactants  and  thus  to  polyiminoester 
halohydrides  and  to  the  products  of  their  hydrolysis,  polyesters. 

The  method  developed  differs  from  the  conventional  synthe- 
sis of  polyesters  in  its  being  based  on  a reaction,  heretofore  not 
used  for  the  synthesis  of  polymers.  Moreover  the  reaction  is  car^: 
ried  out  in  the  cold,  whereas,  ordinarily,  elevated  f temperatures! 
are  used  for  obtaining  polyesters.  . • * 

Depending  upon  the  reactant  ratio,  from  dinitriles,  glycols 
and  hydrogen  chloride  new  low  molecular  polyesters  (M  1000-^' 
1900)  have  been  obtained  with  nitrile  and  alcohol  terminal  groups.  • 
First  of  all  in  the  series  of  dinitriles  and  glycols  - containing  ali-:> 
phatic  and  aromatic  radicals  a),a)'-dioxyalky  esters  of  dicarboxy-! 
lie  acids  have  been  synthesized.  Owing  the  selective  reactivity 
of  the  nitrile  groups  from  adipodinitrile  besides  the  dioles*  the* 
heretofore  unknown  oi-oxyesters  of  6-cyanovaleric  acid  and  glycob 
di  (6-dicyanovalerates)  have  been  obtained.  ^ ‘ 
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The  molecular  weight  of  the  polyesters  was  determined  visco- 
metrically  and,  was  calculated  from  the  results  of  analysis  of  the 
terminal  groups.  The  results  obtained  in  both  cases  coincided, 
what,  in  particular,  indicates  the  practical  absence  of  ring  sys- 
tems in  the  products.  . 


Resume 

- Jusqu*^  present  des  sels  d’imino-esters  etaient  obtenus 
d’habitude  seulement  en  partant  de  nitriles  monofonctionels 
et  alcohols.  . 

• Dans  nos  articles,  publiees  en  1959,  nous  avons  rnontre  que 
les  produits  d ’interaction  des  nitriles  avec  HCl  en  rapport  1 : 2 
(les  chlorures  d’immoniumchlorides),  en  reagissant  a froid  avec 
des  quantites  equimoleculaires  des  alcohols  primaires,  donnent  un 
grand  rendement  d’imino-esters  hydrochloriques  qui  en  pre- 
sence d’eau  se  hydrolysent  en  formant  les  esters: 


RCRG  = N + 2HCI  — 


r 

RG 

\ . 

OR  J 


GI“ 


NH2- 
RO' 

L \l  . 

0 

\ 

OR' 


+ - 

G1 


— R'OH 


+ NH4GI 


L’examen  du  mecanisme  de  la  reaction  entre  nitriles,  HGl  et 
alcohols  permet  synthetister  des  sels  d’imino-ester  en  utili- 
sant  les  produits  de  depart  bifonctionnels  et  d’obtenir  ainsi  les 
hydrates  des  halogenures  de  polyiminoesters  et  produits  de  leur 
hydrolyse, — les  polyesters. 

La  methode  de  preparation  des  polyesters  differe  des  methodes 
habituelles  a cause  de  ce  qu’elle  se  base  sur  la  reaction  non-utili- 
s.ee  jusqu’a  present  pour  I’obtention  des  composes  polymeri- 
ques.  En  outre,  la  synthese  s’effectue  a froid,  tandis  qu’habituel- 
lement  on  obtient  les  polyesters  a temperature  eleyee. 

A partir  de  dinitriles,  glycols  et  HCl,  nous  avons  obtenu,  se- 
lon  ies  rapports  des  composants,  les  nouveaux  esters  a poids 
mol6culaires  r^lativement  bas  (1000— .1900),  avec  groupes  nit- 
riles et  alcoholiques  termineux. 
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En  premier  lieu,  a partir  de  la  serie  de  nitriles  et  glycols, 
contenants  les  radicaux  aliphatiques  et  aromatiques,  on  ete 
obtenus  (D,a)'-esters  dioxyalcoyles  des  acides  dibasiques. 

A cause  de  r6activite  selective  des  groupes  nitriles,  a partir 
de  dinitrile  adipique,  outre  des  dioles,  nous  avons  obtenu  avec 
un  grand  rendement  des  (o  - oxyesters  de  Tacide  6-cyanovale- 
rianique  et  di-esters  6-cyan-valerianiques  des  glycols-a,  co, 
inconnus  jusqu’a  present. 

Le  poids  mol6culaire  des  polyesters  etait  determine  par  voie 
viscosimetrique  et  calcule  a I’aide  des  resultats  d ’analyse  des 
groupements  termineux.  Dans  les  deux  cas  nous  avons  regu  les 
resultats  coincidants,  ce  qui  indique  a I’absence.  pratique  des 
systemes  cycliques  dans  les  produits  obtenus. 


I . 

) 4 ! ■ 1 . 
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L’ANALYSE  DES  POLYESTERS  RETICULES 

iW . B ohd  anecky^  A.  Sternschu  ss 
(Tch^coslovaquie) 


Les  produits  de  copolymerisation  des  polyesters  iioii-satures 
avec  le  styrene  ont  ete  degrades  par  le  KOH,  et  les  acides  fuma- 
rique  et  maleinique,  rendus  litres,  ont  ete  determines  a I’elec- 
trode  de  goutte  de  mercure.  Les  resultats  de  cette  methode  indi- 
quant un  degre  de  reaction  plus  eleve  que  celui  trouve  par  d’aut- 
res  auteurs,  on  a fait  des  analyses  comparatives,  utilisant  la 
mettode  de  Funke  modifiee.  On  effectue  la  degradation  au  milieu 
glycolique  pendant  4 — 6 heures.  Apres  avoir  determine  le  poids 
du  copolymere  gravimetriquement,  on  en  estime  la  composition 
en  titrant  des  groupes  carboxyliques.  Les  resultats  correspon- 
dent avec  ceux  de  Hunter  et,  avec  certaines  limitations,  avec 
ceux  de  Funke.  Toutefois,  ils  sont  plus  has  que  les  resultats  de 
I’analyse  polarographique.  La  difference  en  est  attribuee  a 
Faddition  d'alcool  a la  liaison  double  fumarique. Cette  explication 
est  fondee  sur  les  mesures  cinetiques. 

La  methode  decrite  est  plus  vite  que  celles  utilisees  jusqu’a 
present;  elle  pent  etre  appliquee  aux  etudes  de  structure  des  po- 
lyesters reticules  et  des  processus  pendant  la  reticulation. 


AsTope^epaT 

IIpoAyKTH  conoJiHMepH3ai];HH  HenacLimeHHHx  nojina^npoB  co 
cxnpojiOM  ;niecTpyKTypHpoBajiH  eji^Kw  Kajin,  h ocBobojKAaioLqHecn 
(|)yMapoByK)  h MajienHOByio  khcjioth  onpeflejiHJin  noJiHporpa(j)H- 
uecKH.  PesyjibTaTH  noKasaJin,  uto  cxenenb  npeBparaennu  Sojiee 
BbicoKa,  ueM  Hanflennaa  ApymMH  aBTopaMH,  npnueM  6lijih  c^e- 
jiauLi  cpaBHHTeJiBHbie  anajmsbi  MeTOji;oM  Oynne  (BHflOHBMeneH- 
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hmm).  fl,ecTpyKij,iiK)  ocyii;ecTBJifljiH  b rjiHKOJieBoii  cpeAe  b tg- 
^leHHe  4 — 6 ^acoB.  Hocjie  onpeAejieHna  neca  conojiHMepa,  co- 
CTaB  on,eHHBajiH  raxpoBaHHeM  Kap6oKCHJiBHMX  rpynn.  Peayab- 
TaXM  COOTBeiCTByiOT  HaHASHHHM  XaHTepOM,  H,  C HeKOTOpHMit 
orpaHHaeHHHMH,—  peByjibTaxaM  Oynne.,  OflHaKo  ohh  hhjkg,  aeivt 
peByjibxaTH  nojiaporpa^HaecKoro  anajiHsa.  PaBHHAa  oxHecena 
3a  cnex  npHCoeAHHemiH  cnnpxa  k abohhoh  cbash  $yMapoBOH  khc- 
.TroxH.  9x0  o6bHCHeHHe  ocHOBano  na  KiiHexHaecKHX  HSMepenHHx. 

OnHcaHHHH.  MexoA  6i>icxpee,  aeM  npHMeHHBniHecH  ao  chx  nop;* 
OH  MOJKex  npHMeHHXbCH  K H3yHeHHK)  cxpyKxypH  cmnxLix  noJiHa(|)H- 
poB  H K npon;eccy,  npoHCxoAHni^eMy  bo  BpeMa  cmnBaHHH. 


Summary 

Products  of  the  copolymerization  • of  unsaturated  polyesters 
and  styrene  were  decomposed  by  potassium  hydroxide  and  the 
liberated  fumaric  and  maleic  acids  were  determined  polarogra- 
phically.  The  results  showed  that  the  extent  of  conversion  is  higher 
than  that  found  by  other  authors,,  comparative  analyses  being  made 
with  the  aid  of  a modified  Funke  method.  Decomposition  was 
carried  out  in  a glycol  medium  for  4 — 6 hours.  After  the  gravimet- 
ric determination  of  the  polymer  weight  the  composition  was 
evaluated  by  titration  of  the  carboxyl  groups.  The  results  are 
in  agreernent  with  those  obtained  by  Hunter  and  with  some 
restrictions  with  those  by  Funke.  However  they  are  lower  than 
the  results  obtained  by  polarography.  The  difference  is  ascribed 
to  the  addition  of  alcohol  to  the-  double  bonds  of  fumaric  acid. 
This  interpretation  is  based  on  kinetic  measurements. 

The  method  described  is  faster  than  those  employed  heretofore. 
It  may  be  applied  in  studies  of  cross-linked  polymers  and  of 
the  cross-linking  process. 
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O CHHTE3E  H CBOHCTBAX  KPHCTAJIJIHHECKHX 
IIOJIHMEPOB  THHA  HOJIH-n-KCHJIHJIEHA 
H nOJIHOEHHJIEHMETHJlA 

A-  A.  Bantu  eudm^  11.  M e Jityunno  e 

M.  r,  K p ano  e UK, 

Jl.  B.  Ryooapeea,  l\  A.  r^/iadno  e ckuu 
(GCCP) 


C i4;eJiJbK)  noJiy^eHHH  nojiHMepHHX  yrjieBOAopoAOB  c noBHinen- 
HOH  TenjiocTOHKocTfcH)  6lijih  npoBeAGHti  onHTti  no  CHHxesy  jih- 
HGHHHX  nojiHMepoB  peryjiHpHoro  cxpoeHna  xana  noJiHKCHJiHJieHa 
I H nojiH4)eHHJieHMexHjia  II, 

f-  CH2ArCH2-l„  [—  ArCHa-J  „ CHs  = ^ = CHj 

1 II  III 

ooAPp^amnx  apoMaxHHecKne  b ochobhoh  n;enH.  IIojiHMepLi 

nepBoro  xnna,  coAep^Kamne  CH2-rpynnLi  b /i-nojio>KeHHH,  6iiIjih 
He^aBHO  npayneHLi  DlBapAeM  [1]  h ApyrnMH  aBxopaMH  npn  Wcoko- 
xeivinepaxypHOM  nnpojiHBe  Az-KCHJiojia  h neKOXopHx  ero  nponsBOA- 
HBix  B pesyjibxaxe  nojiHMepH3an,HH  Jiexynnx  npoMeHcyxoHHtix 
xhhohahlix  yrjieBOAopoAOB  xnna  /i-KCHJiHjiena  (III).  3xh  hojih- 
Mepti  oxjiHHajiHCB  6ojibinoH  xeHAeHAHeH  k KpHCxajiJiH3an;HH,  bm- 
coKOH  xeMnepaxypoH  njiaBjieHna  (nanpHMep,  okojio  400°  b cjiy- 
Mae  nojiH-Ai-KCHJiHJiena)  h hg  pacxBopaJiHCb  b HHSKOKHnamHX 
pacxBopHxeaax.  OAHaao  noayanxb  3xhm  nyxeM  noaHMepH  I h3 
M~  H o-KCiiaoaoB,  a xaKace  h3  4,4'-AiiMexHaAH(J)eHHaa  h 2,6-AHMe-' 
xnaHa^xaaHHa  ne  yAaaocb  [2]  oMeBHAHO  BcaeAcxBHe  HeB03MOH«- 
HOCXH  o6pa30BaHHa  npoMejKyxoMHHX  xhhohahhx  mohomgpob  aan 
ax  HecxoHKOCXH  b ycaoBHax  napoansa.  TaKHM  o6pa30M,  paccMax- 
pHBaeMbiH  MexoA,  no-BHAHMOMy,  npHMeHHM  raaBHHM  o6pa30M  ajih 
cHHxeaa  noanMepoB  I,  coAepJKaiAHx  b aghh  3BeHba  n-KCHanaena 

CH2\  ^CHa  — nan  ero  npoH3BOAHbix,  BaMemeHHHX  b aApe. 

Kan  noKaaaaa  Bpayn  ii  Oapxanr  [3],  HacxHMHo  pacxBopHMtiH, 
KpHCxaaaHMecKim  noaii-n-KCHaHaen,  cxoahhh  no  cxpoennio  n 
CBOHCXBaM  c noaHMepoM,  o6pa3yion];HMca  npn  nnpoanse,  mojkgx 
6bixb  noayaen  xaK>Ke  no  cnoco6y  BiopAa,  a HMenno  npn  BsanMO- 

00 
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MeTajIJIHHeCKOrO  HaTpHH  C XJIOpHCTtlM  n-KCnJIIUieHOM 
B KHHHmeM  KGHJIOJie  HJIH  AHOKCaHe 


CH2CI  — ^ [- 

OAHaKO  axa  peaKAHH,  Koxopaa,  no  namnivi  a^ihhbim  [4],  jierKO 
iiAgt  b AHOKcane  yn^e  npn  KOMnaTHon  TeMnepaxype  c o6pa30Ba- 
HHOM  jiexKO  pacxBOpHMoro  B BticoKOKHnarAHX  pacxBopnxejiflx 
uoJiH-Ai-KCHJiHJieHa,  AO  CHX  nop  He  StiJia  ncnojibsoBana  jijih  chh- 
xesa  Apyrnx  noAHMepOB  xnna  I,  xoxh  Moraa  hbhxbch  6oJiee  06- 
lAHM  MexoAOM  CHHxeaa  xaKHX  nojiHMepoB.  Mh  pacnpocxpannAn 
ee  Ha  AHXJiopMexiiJibHLie  npOHSBOAHHe  neKOxopHx  Apyrnx  apo- 
MaxnnecKHX  yrjieBOAOpoAOB,  a hmchho  n-  h ^-kchjiojiob,  An^onii- 
jia,  An$eHHjiMexaHa  11  na^xajiHHa,  panee  onncaHHHe  b jinxepaxype 
H HMeBinne  cxpoenne  IV — VIII,  xAe 


X CH.2CI 


CHa 

X X 

/ 

\y\/ 

/ 

(IV);  1 1 

A/\ 

Clla 

CHa  CHa 

I 

I 

~)-X  (VI); 

X — ^ CH,  X (Vii): 


'^-X  X— 


“\ 


/ 


=/ 

\_ 

-/ 


-X 


(Vlll) 

PeaKAHK)  npoBOAHJiH  npn  20 — 25®  b cpeAO  AnoKcana  b npncyx- 
cxBHH  1,5-KpaxHoro  H36iiixKa  naxpHH  npn  KOHn.eHxpaAHH . Anxjio- 
pHAa,  paBHOH  0,7  mojih  b 1 ^ pacxBopnxeAH.  IIojiHMepBi  bhaojih- 
jiHCb  H3  pacxBopa  no  Mepe  oSpaaoBaHHH  h,  nocjie  ramennH  h3- 
GbixKa  HaxpHfl  MexanoAOM  n yAanenna  HHaKOMoaeKyaapHbix  npn- 
Mecen  an;exoHOM,  npeAcxaBJiaan  noaxn  6ecii,BexHbie  nopomKH  yrae- 
BOAopoAHoro  cocxasa,  HHoxAa  coAepjKaBmne  rajiOHA.  IIoJiyaeHHbie 
noJiHMepH  oSHapya^HJiH  npn  peHxreHorpa^naecKOM  nccaeAOBaHHH 
HajiHHHe  KpncxajiJiHHHOCXH  (cm.  pnc.  1 n 2),  cxenenb  Koxopon  Ba- 
pmipoBajia  b aaBHCHMOcxn  ox  nx  cxpoenna.  Kan  bhaho  h3  xa6a.  1, 
OHH  cHAbHO  paajiiiHaAHCb  xaKH^e  no  pacxBopnMOCxn  n no  x.  nji. 
Tan,  npOH3BOAHHe  Ha4)xaAHHa  n An^ennaa,  bhahmo  npeACxaBa'aa 
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oinHTHe  .xpexMepHHe  nojiHMepBi,  He  pacTBopHHHCb  flawe  b khhjt- 
H^eM  a-6poMHa(|iTajiHHe  h paajiarajiacb  Btime  300°  h 550°,  He  ne- 
pexoflH  B jKHflKoe  cocTOHHHe,  Torfla  KaK  npoH3BOflHbie  fflpyrax 
yrjieBOAopoflOB  pacTBopnjiHCb  b 6poMHa4)TajiHHe'  h njiaBiijiHCb, 
nepeXOflH  B nOflBHJKHyiO  HtHflKOCTb.  IlpH  9TOM  npOHSBOflHOe 
^-KCHJiojia,  OTjiHHaBraeecH  cjiaSofi  KpHcrajijiHHHocTbio  h hhskoh) 


T.  HJi.  (130 — 135°),  JierKO  pacTBopnjiocb  flajKe  b xojioahom  xjiopo- 
(J)opMe.  IIpoHaBOflHoe  flH^eHHjiMexaHa,  c 6ojiee  hcho  BHpajKeHHon 
KpHCXaJIJIHHHOCTbH),  HJiaBHJIOCb  HpH  250—255°  H HaHHHaJIO  pac- 
TBopaxbCfl  B 6poMHa(|)xajiHHe  jinnib  npn  130°;  npoHSBOflHoe  we 
n-KCHJiojia,  o6JIa;^aH  nofloOno  noJiH-re-KCHjiHJieny  6oJibmoH  xen- 
flenpHefl  k KpHcxajijiHsai^HH,  njiaBHJiocb  okojio  350°,  x.  e.  necKOJib- 
Ko  HHwe  HOCJieAHero,  ho  HaaHHajio  pacxBopaxbCH  b 6pbMHa(j[)xajiH- 
-He  xojibKO  npn  235°,  x.  e.  Ha  25°  Bume,  tom  nbJiH-ra-KCHJiHJieH. 

Hxo  KacaexcH  MOJieKyjiapHoro  Beca  pacxBopHMHX  noJiHMe- 
■poB,  xo  HaM  noKa  yAajiocb  onpeAejiHXb  ero  (no  Pacxy)  Jinntb  b cjiy- 
-aae  jierKO  pacxBopHMoro  nponsBOAHoro  jtt-KCHJiojia,  hphtom  b aa- 
•BHCHMOCXH  OX  yCJIOBHH  06pa30BaHHfl  HOJIHMepa  OH  BapHHpOBaJI  OT 

1850  AO  4000. 

Hxo  Kacaexcfl  noJiHMepoB  xana  nojin^eHHjieHMexHJia  [ — C6H4 — 
GHz — Jn,  xo  xaKoe  cxpoenae  panee  npHAaBajiocb  pacxBopHMtiM 
AerKOHJiaBKHM  npoAyKxaM  noAHKOHAeHcaAHH  xAopncxoro  6eH- 
.3HHa  B npncyxcxBHH  KaxaAHsaxopoB  (PpHAeJiH  — Kpa^xca.  Oa- 
HaKo  no,  HOBHM  AaHHHM  3XH  aMop(|)Hbie  npoAyKXbi  npeACxaBHHioT 
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C060H  noJiHMepH,  CHJibHO  pasBCTBjieHHHe  BCJieACTBHe  MHoroKpax- 
Horo  6eH3HJiHpoBaHHH  SeHBOJibHHX  HAep  B npoAecce  KOHAencaAiiH. 

<C  APyrOH  CTOpOHtI  A^BHO  H3BeCTHO,  HTO  apOMaTHBGCKHe  yrJIGBOAO- 
pOAM  B npHCyXCTBIIH  CGpHOH  KHCJIOTbl  HOABGpraiOTCH  KOHAGHCa- 
i\m  c ^opMajibAerHAOM  c oSpaaoBaHHGM  AnapnjiMGTaHOB,  a xaiOKG 


PhC.  2.  IIOJIHMep  H3  31IXJI0pMeTHJI-^i-KCHJI0Jia 
(ciiflTO  a — npii  20°;  6 — npn  100°) 


CMOJIOOSpaSHLIX  JIGFKO  paCTBOpiIMHX  HH3KOnJiaBKHX,  JIh6o  HG- 
HJiaBKHX  HGpaCTBOpHMHX  npOAyKTOB,  KOTOpHG  HaCTO  coAep>KaT 
KHCJIOpOA  B (J)OpMG  MGTHJIOJIBHHX,  3(j)HpHbIX  H AP.  rpynn[6].  Xll- 
MH^GCKyK)  npHpOAy  3THX  CMOJI  GIAG  HGJIb3H  CHHXaXb  BHBCHGHHOil, 
HO  HX  CBOHCTBa  H,  B HaCTHOCTH,  HX  HGCHOCOShOCTB  K KpHCXaJIJIHSa- 
AHM  yKa3HBaK)T  Ha  HaJIHHHG  CMGCGH  HOJIHMGpOB  HGpGXyJIHpHOrO 
CXpOGHHH. 

C AGJIbK)  HOJiyHGHHH  HOJIHMGpOB  THHa  II  pGXyJIHpHOrO  CXpOG- 
HHH  aBTOpaMH  AaHHOH  CTaXbM  6bIJIH  HOCXaBJIGHH  OHLITLI  KOHAGH- 

caAHH  napa^iopMa  c apoMaxMHGCKHMH  yrjiGBOAopoAaMH  b cpGAe 
KimaiAGH  JiGAHHOH  yKcycHoii  khcjioth,  coAep?Kaiu;GH  kohaghtph- 
pOBaHHyio  cepHyK)  Kiicjioxy.  Hs  jw-KCHJiOJia,  ncGBAOKyMOJia  ii  Ha$- 
TajiHHa  6lijih  noJiynGHbi  iiHSKonjiaBKiiG  aMOp^HUG,  a h3  am(J)Ghhji- 
MGxana  ii  AM^eHiuiaxana  — >kiiakhg  cmojim,  pacxBopHMbiG  b apo- 
MaxiiHGCKHX  yrjiGBOAopoAax.OAHaKO  h3  /i-KCHJioJia  H AypoJia  b xgx 
>KG  ycjiOBHHX  yAajiocb  nojiyniixb  BLicoKonjiaBKHG  KpHCxajiJiiriGCKiic 
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CBOiicTBa  nojiHMepoB  Tuna  nojiii-^^-KCHjinjieiia,  nojiy- 


CTpocHue  asena  nojiiiMepHOii  rtenii 

PaCTBOpHMOCTb  B a-OpoMHa^TajiHHe  (BH) 

TCMnepaTypa  (°C) 
nepexona  nonHMepa 

B paCTBOp  B KOJlH'ieCTBe 

KOHUCHTpaanH 
HaCbimCHUH 
npH  T.  KHn. 
pacTBopa,  % 

2.5% 

10% 

210 

230< 

25 

/CH3 

; -CHa— ^ V_ch2  — 

i / 

H3C 

235 

255 

34 

; H2C^^N^^CH2 

JlerKopacTBopHM 
npH  20° 

130 

155 

30 

• y-cH,- 

HepacTBOpHM 

-CH2— ^ ^-GHa—  '' 

A.  HepacTBOpBM 

B.  PaCTBOpHM 

' 

04 
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T a 6 Ji  H n a I 


MeiiHbix  n3  AHXJiopiiAOB  II  ^lerajuiiiHecKoro  HaTpim 


T.  nji.,  °C  I 

TCMnepaTypa 

nepBOii 

npoapaqHOCTH 

TeMnepaTypa  sTopofi 
npoapaHHOCTH 

(nocjie  noMyTueHHfl) 

KpncTajiJiMH- 

HOCTb 

npiiMeBamie 

420-435 

405-420 

+++■ 

11  nocjie  nepeKpii- 
cTajijiHsamiH  113  a-BH 

345—350 

I 

350—355 

"1 — 1 — h 

To  we 

130—135 

— 

+ 

H nocjie  nepeocaw- 

AeHHH  H3  XJIOpO({)OpMa  MC- 
TaHOJIOM 

250—255 

250—255 

++ 

Jl,o  H nocjie  iiepeKpu- 
CTa:iJiH3aiuin  h3  a-BH 

550  (c  paajioHxeHHeM) 

'+ 

290-310 

BEJCTpO 

pasjiaraeTca 

+ 

310—315 

305—310 

riocjie  4-  5 ^lac.  khiui- 
^eHHH  B a-BH 
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cojiHMepH,  pacTBopHMue  aumb  b BHCOKOKHnflmax  pacTBO- 
puTejiflx  H njiaBHBniHecH  npH  265  h 350°  (cm.  TaOji.  2 a pac.  3 
a 4),  aTO  yaasHBaeT  aa  peryjiapaocTb  ax  CTpoeaaH,  t,  e.  aa 


ifO  I ^ ’ T > I ' \ ^ 1 ^ r ^ r 


< ' 1 1 L- 1 1 , I I . I . I . I 

6 10  /4  18  2Z  26  30  30  38 

Phc.  4.  riojiHMep  H3  ffypojia  h ABXJiopMeTHJiflypona 


iiOBTopaeMocTL  B ax  Bjeaax  BBeabeP  — Ar  — CHa — , tab  Ar  = A 
iijiH  B: 


CHs 


HsC 


CHa  CHs 

. \ / 


CHs  ^CHs 


(B) 


nOJIHMepM  TOrO  TKQ  THHa,  npaKTM^eCKH  HAeHTHHHtie  no  CBOii- 
CTBaM  H peHTrenorpaMMaM  c BHuieonncaHUBiMH,  y^ajiccb  nojiy- 
nHTb  TaK>Ke  nyTOM  iiojiHKOHjieHcaii,Hii  b anajiorHHHHx  ycjiOBHBX 
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T a 6 n H u a 2 


CBOHCTBa  noJiHMepoB  Tnna  noJiHMexHaeH^eHHJia,  nojiyqsHHbie 
H3  -y^-KCHJiojia  II  Aypojia 


Pearenxti 

CTpocHHC  313  en  a 

« a 

^ Ed 

S CO 
s 0 

<V  Q. 

H E 

K Xo  • 

^ S eg  P*  O4 
>©<E  M E (D 
_ E H « 

2 eg  c rt  cc 

F 3 S'™  X 

PaCTBOpII* 
MOCTb  B 
anHsojie 

cr 

E 

5 

nj 

B 

X aj 

AHa+CHaO 

265 

3,6 

-1- 

*4- . 

+ 

AH2+A(CH2CI)2 

— A^-CHs- 

265 

4,6 

+ 

+ 

AH2+A(CHaOCOCH3)2 

— A-CH2— 

255 

4,2 

-f- 

' + 

AH2“t~^(d^2^03 

— A—GHa— B— 

— GI-I2- 

•255 

8,2 

— 

+ 

BHj+CHaO 

— B-GH2- 

. 350 

7,3 

— 

+ 

AH2+B(CH3C1)2 

— B— CH2— 

315- 

8,1 

— • 

+ 

: 4- 

AH2+B(CH20C0CH3)2 

— B— GH2— 

325 

7,0 

— ■ 

+ 

+ 

AH2+A(CH2C1)2  ■ 

— B— GH2— A-^' 
— GH2— 

340 

6,9 , 

— 

+ 

: 4- 

AH2+C6H4(CH2C1)2 

— B— GH2— G6H4— 
— GH2 

■ 340 

6,7 

— 

4- 

n~KCHJioJia  H Aypojia  c hx  AHXJiopMerajiBHHMH  n AHaD;eTOKcnMe- 
THJlbHHMH  npOH3BOAHHMH  HO  CXGMaM: 

HArH  + ClCHsArCHjCl  — (- Ar  — CHs  — ) n 

HArH  +CHsC00CH2ArCH20C0CH8.^^^^^  (t-  Ar  - CHj  — )n 

G ApyroH  CTopoHti  axy  peaK^IIIO  OKaaajiocb  bosmojkhlim  pac- 
npocxpaHiiTb  Ha  CMecu  apoMaxHHecKHX  yrjieBOAopoAOB  c AHXJiop- 
MexHJibiibiMH  npoH3BOAHHMH  yrjieBOAopoAOB  Apyroro  cocxaBa  h 
HOJiyHHXb  xaKHM  nyxeM  rexeponojiHMepbi  xnna  [ — Ar  — CH2 — 
Ar'  — CH2]n,  coAep>Kan],He  3BeHbH  j\Byx  pasHux  yrjieBOAopoAOB, 
HanpHMep  ?z-KCHJi0Jia  n AypoJia.  Ho  cbohm  cBoflcxBaM  9xh  hojih- 
MepM  oxjiHHajiiicb  snaHHxeJibHHM  cxoacxbom  c roMonojiHMepaMn. 
B ripoAynxax  coBMecxHofi  nojiHKOiiAeHcai3,Hii  yrjieBOAOpOAOB 

C AHXJIOpkeXHJIbHHMH  npOH3BOAHHMH  oSnapyJKeH  XJIOp,  CBHSaH- 
HHH  (oneBHAHO  B BHAe  KOHn;eBbix  rpynn  — CH2C])  b KOJimecxBe 
ox  4 AO  8 axoMOB  na  Ka>KAbie  100  apoMaxHHecKiix  HAop  Aenii. 
B nojinMepax>Ke,nojiyHeHHHXH3yrjieBOAopoAOB  h napa(J)opMa  hjih 

AHan,exoKCHnpoH3BOAHbix  yrjieBOAopoAOB,  no-BiiAHMOMy,  HMeJincb 
KOHAeBbie  rpynnbi  CH3COOCH2 — , noABepraBinHecH  OMbUieHnio 
npH  HarpeBaiiHH  nojinnepoB  co  cnnpxoBOH  n^eJiOHbio  h C0Aep>KaB- 
nmecB,  cyAH  ijp  HHCJiaM  OMbiJieHHH,  b KOJiH^iecxBe  ox  4 ao  T na 
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Ka>Kfli>ie  100  apoMamqecKiix  HAep  ii,enii.  3to  noATBepHCAaexcH  TeM, 
HTO  npn  KOHAGHcaAHH  AypoJia  c h36htkom  napa(J)opMa,  HapaAy  c 
nojiHMepoM  yAajiocL  BfciAejiHTi>  AHaii;eTOKCHMeTHJiAypoji  h aokb- 
saxB,  HTO  cnapTOBBiH  pacTBOp,  nojiyaaeMHH  nocjie  OMHaenna,  co- 
Aep>KHT  COJIB  jiexyHeH  c napoM  oprannaecKOH  khcjiotbe  b KOJinae- 
CXBe,  6jIH3KOM  K paCCBHXaHHOMy  H3  BHCJia  OMHJieHIIH. 

MojieKyjiapHBiH  sec  nojiyaenHHx  noJiHMepoB  nona  ein;e  onpe- 
AejiHTB  He  yAajiocB  BCJieACXBHe  hx  hjioxoh  pacxBopiiMOcxH,  iio, 
cyAH  no  coAepjKaHHK)  xjiopa  b nojiHMepax  h ho  hx  HiicjiaM  OMBuie- 
HHH,  OH  He  npeBBrmaex  2000 — 3000,  ecjin  CHHxaxB,  hxo  KajKAaa 
MBKpoMOJieKyjia  coAepjKHx  xojibko  OAHy  (J)yHKAHOHajiBHyio  rpyiiny. 
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b u ra  m a r y 

With  the  aim  of  obtaining  polymeric  hydrocarbons  of  enhanced 
thermostability  the  synthesis  has  been  carried  out  of  linear  po- 
lymere  of  regular  structure  of  the  type  (-  CH2ArCH3-)„  and 
(ArLH2— with  aromatic  units  in  the  chain. 

Polymers  of  the  first  type  were  obtained  by  reaction  of  metal- 
lic sodium  with  the  dichloromethylderivatives  of  benzene,  m- 
and  p-xylenes,  diphenylmethane,  diphenyl  and  naphthalene  in 
dioMne  medium  at  20-25°.  The  m-xylene  derivative  had 
a GH2CI  group  m m- position  and  the  others,  dichlorides  in  the 
p-  or  p,  p-' positions.  The  polymers  were  precipitated  from  the 
solutions  on  forming  and  after  disposal  of  excess  sodium  with 
the  aid  of  methanol  and  elimination  of  the  low  molecular  impu- 
ritis  they  appeared  as  colorless  powders  of  the  composition  of 
hydrocarbons,  at  times  containing  chlorine. 

X-ray  analysis  of  the  polymers  revealed  the  presence  of  a 
crystalline  structure  the  degree  of  which  varied,  depending  upon 
the  structure  The  polymers  differed  greatly  in  solubility  Ld 
melting  points.  Thus  naphthalene  and  diphenyl  derivatives,  evi- 
dently  being  cross-linked,  three-dimensional  polymers, 
did  not  dissolve  even  m boiling  a-bromonaphthalene  and  decom- 
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posed  above  300°  and  550°  without  passing  to  the  liquid  statd^ 
whereas  derivatives  of  other  hydrocarbons  dissolved  in  bromonaph- 
thalene,  melted,  passing  over  to  a mobile  liquid,  and  probably 
were  linear  polymers  of  low  molecular  weight . The  meta  - xy- 
lene derivative  was  distinguished  by  low  crystallinity,  low  mel- 
ting point  (130—135°)  and  easily  dissolved  in  chloroform  even 
in  the  cold.  Diphenylmethane  derivatives  with  a more  clearly 
expressed  crystallinity  melted  at  250 — 255°  and  began  to  dis- 
solve in  a-bromonaphthaline  only  at  130°.  p-Xylene  derivati- 
ves, in  turn,  like  polyparaxylylene  possessing  a strong  tendency 
for  crystallization,  melted  at  350°,  i.  e.  a little  below  the  latter^ 
but  began  to  dissolve  in  bromonaphthalene  only  at  235°,  or  25° 
higher.  As  for  the  molecular  weight  of  the  soluble  polymers,  it 
could  be  determined  (according  to  Rust’s  method)  only  in  the 
case  of  the,  insoluble  meta-xylene  derivative j which,  depending 
upon  the  conditions  of  formation,  varied  from  1850  to  4000. 

Polymers  of  the  second  type  were  obtained  by  polyconden- 
sation of  aromatic  hydrocarbons  with  paraform  and  also  with  the 
dichloro-,  dioxy-,  and  diacetoxy  - methyl  derivatives  of  aro- 
matic hydrocarbons  in  boiling  glacial  acetic  aid  containing  sul- 
furic acid.  In  this  way  starting  from  p - xylene  and  durenol 
one  could  obtain  high  melting  crystalline  polymers  with  mel- 
ting points  above  250  and  320°,  dissolving  only  in  high  boiling 
solvents.  Co;idensation  of  durenol  with  dichloromethyl  deri- 
vatives of  p-  and  m-xylene,  as  well  as  with  para-xylylene 
chloride  led  to  the  formation  of  high  melting  polymers  of  the 
type  (—  ArCH2Ar'CH2— )n  containing  two  different  aromatic 
units  in  the  chain. 


Resume 

Dans  le  but  d’obtenir  les  hydrocarbures  polymeriques  a une 
stabilite  thermique  elevee  on  a effectue  la  synthese  des  polyme- 
res  lineaires  de  structure  ordonnee  de  deux  types  (—  CH2A2CH2— )n 
et  ( — ArCH2 — )n  ayant  des  motifs  aromatiques  dans  la  chame. 

Les  polymeres  du  premier  type  ont  ete  obtenus  a la  suite  de 
[’interaction  de  soude  metallique  au  sein  du  dioxane  avec  les 
derives  dichloromethyles  de  benzene,  de  meta-  et  paraxylenes, 
de  diphenylmethane,  de  diphenyl  et  de  naphtaltoe  a 20—25* 
parmi  lesquels  le  derive  du  metaxylene  composait  les  groupes 
CH2CI  en  meta-positions  et  d’autres  dichlorides  en  p-  ou 
/?,  p'-positions.  Au  fur  et  a mesure  de  la  formation  les  polyme- 
res etaient  separes  de  solution,  et  apres  la  suppression  de  T^xces 
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de  soude  par  le  methanole  et  T elimination  des  impuretfe  a bas 
poids  moleculaire  ils  presentaient  les  poudres  incolores  de  com- 
position hydrocarbonee  qui  comprenait  parfois  le  haloide, 

Les  polymeres  obtenus  a la  suite  de  Tetude  radiographique 
ont  manifeste  la  presence  de  cristallinite,  dont  le  degre  variait 
en  fonction  de  leur  structure  et  dilferaient  fortement- suivant 
leur  solubilite  et  le  point  de  fusion.  Ainsi  les  derives  de  naphta- 
lene  et  diphenyl  en  representant  evidemment  les  polymeres 
tridimensionnels  reticules,  ne  dissolvaient  pas  meme  dans  l/a~ 
bromonaplitalene  bouillant  et  se  decomposaient  a une  tempera- 
ture superieure  a 300  et  550°  sans  passer  en  etat  liquide  tandis 
que  les  derives  des  autres  hydrocarbures  se  dissolvaient  en  bromo- 
naphtalene,  fondaient  passant  en  liquide  mobile  et  representai- 
ent  evidement  des  polymeres  lineaires  e bas  poids  moleculaire. 
Le  derive  de  metaxylene  se  distinguait  par  une  faible  cristal- 
linite,  un  bas  point  de  fusion  (130—135°)  et  se  dissolvait  faci- 
lement  meme  en  chloroforme  froid.  Le  derive  de  diphenylmetha- 
ne,  a une  cristallinite  plus  nette,  fondait  a 250—255°  et  commen- 
^ait  a se  dissoudre  dans  le:  bromonaphtalene  seulement  a 130*. 
Et  le  derive  ie  p - xylene,  ayant  aussi  que  le  polypara-xylilene 
une  grande  tendence  a la  cristallisation,  fondait  a une  tempera- 
ture d’environ  350°  c'est-a-dire  un  peu  inferieure  a celle  du 
dernier,  mais  il  ne  commen^ait  a se  dissoudre  dans  le  bromo- 
naphtalene qu’ a 235°  soit  depassant  de'25°  la  temperature  de 
dissolution  du  poly-/?"Xylilene.  En  ce  qul  concerne  le  poids 
moleculaire  des  polymeres  solubles:  on  a reussi  a le  determiner 
{selon  Rast)  seulement  dans  le  cas  du  derive  metaxylene,  suivant 
les  conditions  de  la  formation  de  celui.-ci  il  variait  de  , 1850 
h 4000. 

Les  polymeres  du  deuxieme  type  etaient  obtenus  par  voie  de 
polycondensation  des  hydrocarbures  aromatiques  avec  le  para- 
formaldehyde ainsi  que  les  derives  de  dichlore-,  dioxy-  et  dia- 
cetoxy-methyles  des  hydrocarbures  aromatiques  dans.  Tacide 
acetique  glace  bouillant  qui  contient  Tacide  sulfurique.  Par 
'cette  voie,  en  partant  de  p-xylene  et  durene  on  a reussi  h 
obtenir  des  polymeres  cristallins  a une  haute  temperature  de  fusion, 
'ils.  fondaient  au-dessus  de  250  et  320°  et  se  dissolvaient  seule- 
merit  dans  les  solvants  a point  d’ebullition  eleve;  ici  la  conden- 
sation du  durene  avec  les  derives  dichloromethyles  de  para- 
et  meta-xylene  aussi  qu’avec  le  para-xylilene  chloreux  a abou- 
;,tit  a la  formation  des  polymeres  avec  point  de  fusion  haut  du 
type  (—  ArCH2Ar'CH2— )n,  comportant  dans  la  chaine  les  motifs 
aromatiques  de  deux  hydrocarbures  differents. 
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llHKJIH'IECKAfl  nOJIHMEPHSAIlHH 
H COnOJIHMEPH3AH,HH  3,HBHHHJlAIl.ETAJIEa 

C-  r*  M ail  o nn 
(CCCP) 


.B  Te^emie  nocjieAHHX  2—3  Jiex,  onyGjiHKOBan  pnA  pa6oT  no'  hq- 

BOMy  BHAy  nOJIHMepH3an;HH  — AUKJIHHeCKOH  HJIH  MeH<MOJieKy- 
jiflpHO-BHyxpHMOJieKyjiflpHOH  nojiHMepHsaAiiH.  Bxa  nojinMepa- 
saAHH  BaKJiioHaexcH  bo  BHyxpiiMOJieKyjiHpnoM  saMHKaHnii  1130- 
JiapOBaHHHX  AHOHOB  B ilflXH-  HJIH  meCXHHJieHHMG  KOJIBAa  H 
OAHOBpeMeHHOM  Me?KMOAeKyjiHpHOM  HapacxaHHH  Aenn.  Eaxjiep 
n Ahajk'gjio  11]  BnepBHe  noKaaajin  bosmojkhocxb  AKKranecKOH 
nojiHMepHsaAHH  c oSpaaoBaHHeM  jiHHeflHoro  noJiHMepa  Ha  npH- 
Mepe  SpoMHCToro  AHaxHAAHajiJiHJiaMMOHHH.  MapaeJiB  h coxp.  [2] 
pacnpocxpaHHJiH  axy  peaKAHio  na  HeconpHH^eHHHe  ahoJi^^^hbi  h 
nojiyHHjiH  HJiaBKHe  pacxBOpHMHe  noJiHiviepu,  KoxopHe  npanxii- 
necKii  He  coAepH^ax  abohhhx  CBHseii.  Abtoph  npeAnoJiaraiox,  hxo^ 
AHOJie^HHU  H HX  np0H3B0AHHe  nOJIHMepH3yiOXCH  no  MexaHH3My, 
corjiacHO  KoxopoMy  pocx  aghh  nponcxoAnx  b pe3yjiBxaxe  nepe- 
Ayion^HxcH  Mem-  11  BnyxpHMOJieKyjiHpHHX  peaKAHH.  . i 

HpeAMexoM  HacxoHiAen  pa6oxBi  HBJinexcH  nccjiGAOBanne  ahk- 
jiHnecKOH  HOJiHMepnaaAHH  AHBHHHJiaAaTajien  c abjibk)  nojiynenHa 
noJiHBHHHJiaAeTajieH.  HaMH  BnepBHe  cnuxeanpoBaHLi  ambhhiiji-’ 
aAGxajiH  H HCCJiGAOBana  HX  cnoco6Hocxb  K AB^^jinnecKoii  nojiiiMepn- 
aaAHH  H conojiHMepH3aA,HH  [3].  PaspaGoxan  cnoco6  nojiynenna 
AHBHHHJiaAexaJieH  nyxeM  aABTajiHpOBaHHH  ajibAexHAOB  axHjien- 
xjioprHApHHOM  H nocJieAyioiAHM  AerHApoxjiopnpoBaHHeivi  p,  P'- 
AHXJiopAnaxHJiaAexajien  no  cJieAyion;eH  cxene. 


OCH2GH2CI  OCH^CHg 

RCH0  4 2H0CHsCH2C1-->RCh(^  ^ RCH  ^ . 

\cH2CH2CI  \ch  = ch2 
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' PeaKU^HH)  AerMApoxjiopHpoBaHHfl  ocymecTBjiHJiH  HarpeBanneM 
-AHXJiopAHaTHJian;eTajieH  c bakhm  Kajin  b mbahom  peaKTope 
c OAHOBpeMeHHOH  OTroHKOH  o6pa3yK)iiiinxcH  npn  3tom  ahbhhhji- 
aneTajien  h boah. 

TaKHM  o6pa30M  Ghjih  nojiyBienbi  cjieAyiom;He  AHSHHHJiaAeTajiH 
(xaSji.  1),  KOTopbie  npeACxaBJifliot  co6oh  6eci];BeTHHe  noABHJKHLie 
M^HAKOCTH,  oSjiaAaioiAHe  9$HpHHM  sanaxoM. 

TaSjiHua  1 

OnsHKo-xiiMHHecKHe  CBoiicTBa  AHBHHujiaAeTaaeH 


1 MRj) 

(DopMyjia 

T.  Hun., 

°C/mm 

% 

c 

« 

a> 

§, 

tr 

•H 

n (c 

/0GH=CH2 

eH2<; 

- \0CH=CH2 

87 — 89/am.w 

1,4215 

0,9077 

27,96 

27,64 

/0CH=CH2 

CHaCH/ 

\0CH=CH2 

100 — i02/aniM 

1,4180 

0,8960 

32,09; 

32,26 

.0CH=CH2 

C2H5CH< 

^0CH==CH2 

117 — iid/amM 

1,4245 

0,8966 

37,35 

36,88 

/0GH=CH2 

„.G3H:CH<;' 

\0GH=GH2 

138— 139/am^t. 
44—45/13 

1,4250 

,0,8708 

41,75 

41,50 

/0GH=GH2 

U30-G3H7GH< 

\0GH=GH2 

33—35/13 

1,4220 

0,8755 

41,28 

41,50 

/OGH-GHg 

W«0-G4H9GH<^ 

\0GH=:CH2 

45—46/12 

1,4264 

0,8733 

45,82 

46,11 

/0GH-=GH2 

GcHsGIK 

\OGH==GHo 

80—62/2, 

1,5138 

1,0180 

52,04 

51,25 

CxpoeHne  nojiyneHHHx  AKBHHHjiai];eTajieH  AOKaaano  peaKAHH- 
MH  .ruApupoBaHHa  h rHApojiPiaa,  Hpii  hx  rHApnpoBaHHH  nojiy- 
aaiOTCfl  cooTBexcTByioiAHe  AHaTHJiaAeTajiii,  a thapcjihs  npn  homo- 
lAH  pa36aBJieHHOH  cepnon  kiicjiotm  npHBOAHT  k oGpasoBaiiHio  2 mo- 
ABH  au;eTajibAerHAa  h 1 mojik  ncxoAHoro  ajiLAernAa  na  mojib  ab- 
BiiHHAan;eTajiH 

OCH^GHz  OCH2CH3 

RCHO  + 2CH3CHO  RCHcf  '■  rch/ 

TT+  \ \ 

0CH=CH2  OCHsCHs 
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JI,HBiiHHJiai],eTajiH  Kan  coeAHneHna  c HSOJiMpoBaiiHLiMH  flBoii" 

HHMH  CBH3HMH  MOryT  nOJIHMepHSOBaTLCH  C 06pa30BaHHeM  KaK  JIH- 
HeHHO-I];HKJIHHeCKHX  IIO.TIHMepOB,  TaK  H pa3BeTBJieHHO-CinHTiJX 
noJiHMepoB. 

J],eHCTBHTejibHo,  iiaynaH  nojiHMepH3aii;riK)  AHBiiHHjiaii^eTajieH  b 
saBHCHMocTH  OT  xapaHTBpa  HHHii;HaTopa  HJiH  KaTajiHaaxopa,  mw 
noJiy^HJiH  KaK  i];HKJiHHecKHH  pacTBopHMHii  noJiHMep,  tbk  h xpex- 
MepHHli  HepaCTBOpHMLIH  nOJIHMep. 

noJiHMepH3au,HH  AHBHHHJiati;eTajieH  b npHcyxcTBun  mohhhx 
KaxajiHBaTopoB  (xjiopnoe  ojiobo,  xjiopHCxuii  aJiiOMiiHiiir,  xjiopnoe 
/KeJieao)  npoxeKaex  6lictpo  (b  oTcyxcTBHe  pacxBopHx.ejiH  onenb 
6ypHo)  c o6pa30BaHHeM  xpexMepnoro  noJiHRiepa,  npe^cxaBJiaio- 
uj,ero  C060K)  H<eJiaxHHOo6pa3Hyio  Maccy,  Koxopaa  HepacxBopiiMa 
B oSHanHx  opraHiiaecKHX  pacxBopnxeJiax.  noJiHMepH3aii,Ha  ah- 
B)tiHHJian;exajieH  b npacyxcxBHH  HHnii;HaxopoB  pafliHKaJiLiioii  nojm- 
Mepn3au;HH  HanpaBJiena  HCKaioaHxeJiBHo  b cxopony  i^HKJinaecKOH 
nojiniviepH3ai];HH  c oSpaaoBaHiieM  aLi,exajiBHLix  nponsBOAHLix  uo- 
aHBHHHJiOBoro  cnapxa,  x.  e.  nojiHBiinHJian^exajieH  ^ 


CH2 

CH2 

. . CH2CHCH2CH  ~ 

[l 

II 

I I 

CH 

CH 

0 0 

I 

I 

\ / 

0 

0 

CH 

\ 

/ 

I 

I 

R 


Bo  Bcex  cayaaax  nojiHMepH3aii;HK)  npoBOAKJiii  b 6aoKe  11  ocbo- 
6o>KAaJiH  nojiaiviep  ox  MoaoMepa  neperoHKon  c boabulim  napoM 
0 nepeocaH^AGiiiieM  113  6eH30JibHoro  pacxBopa  cniipxoM. 

HccjieAOBaHM  onxHMajibHLie  ycjiOBna  AiiKJiHaecKOH  nojiHMepHsa- 
h;hh  AHBHiiiijiai3;exajieH  b npncyxcxBim  nepeKHCii  SensoJia  h 
HHxpnjia  asoHsoMacjiaaoH  khcjioxli.  TaK,  iia  npnMepe  ahbhhiiji- 
6yxHpajia  Hsyaeno  BJiHaaiie  KOHii;eHxpai];nii  HHimnaxopoB 

0 xeMnepaxypbi  na  bhxoa  noJiHAHBHHHji6yxiipajia  (nj],BB)  npn 
npoAOJijKHxeJiBHOCXH  nojmMepH3ai];im  40  aac.  (piic.  1 n 2). 

KaK  BHAHO  H3  pHC.  1 H 2 nOAXOABIAHM  HHHAHaxOpOM  AJIH  no  jib- 
MepH3aii,HH  AHBHHHJiai],exaJieH  (AHBHHHJi6yxnpajia)  aBJiaexca  ah- 
HHxpnji  a30H30MacjiaH0H  KHCJIOXLI  B KOHii;eHxpan,HH  0,5 — 2 moji.  % 
ox  MOHOMepoB  npH  onxHMaabHOH  xennepaxype,  paBHon  80°. 

J]|jia  BHacHenna  BJiHanna  npoAOJiHCHxeabnocxH  noJiHMepnaa- 
AHH  AHBHHHa(})opMaaa  (^BO),  AHBHHHJiaxanajia  (AB9)  h Jl^BB 
na  BtixoA  nojinnepa  nposeAena  cepna  ohlixob,  b KoxopHX  xeMne- 


^ Mcxo;;a  H3  naaBaiiiia  MOaOMepa,  cJieAOnajio  6tr  saMoiiHTb  HaaBamie 
«nojTUBHniiJiaaeTaJib»  iiaaBainieM  «nojiHArTBHHH;iaAeTaJib». 
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paTypa  Gmia  paBHa  80®,  a KOHn,eHTpaii,iifl  AHHHxpHJia  asonaoMac- 
JIHHOH  KHCJIOTH  H nepeKHCH  6eH30MJia  — 1 MOJI.%  OT  MOHOMepOB 

(pHC.  3). 

Ha  pHC.  3 bhaho,  ^to  bmxoa  nojiHMepoB  BoapacTaeT  c yBeJiH^e- 
HHeM  npoAOJiJKHTejiBHocTH.  nojiHMepH3aii.HH,  npiineM  noBLinieHHe 


HoHuer^noffUfi  uHu^uamopa mo/i%  TeMnepamypa,  '"C 

Phc.  1.  BjiHHHHe  KOHn;enTpau;iiH  Phc.  2.  BjuiflHiie  TeMncparyp  nojiHMO- 
HHimnaTOpoB  Ha  blixoa  hojihambh-  pH3an;HH  na  bhxoa  nojiHfl.MBiiiiHJi6yTn- 
HHJi6yTHpaJifl  (nj3,BB)  npH  80®  pajiH  (IlflBB);  KOimeiixpauMH 
/ — nepcKHCb  Oenaojia;  2 — ahhiitphji  axopOB  1 MOJi.  % 

asoH  aoMacJiHHOM  khcjiotbi  ^ — nepeKHCb  Oenaoiuia;  2 — mimiTpun 

aaoiiaoMacjiHHoB  kucjiotu 

Bbixoj^a  HMeeT  Mecxo  b xenenne  nepBHX  naxH  nacoB,  nocjie  ^ero 
BHXOA  ocxaexcH  npanxM^iecKH  hocxohhhhm.  HaMH  6LiJia  nsyneHa 
xaK>Ke  n,HKJiHMecKaH:  nojiHMepH3ai];HH  Apyrnx  onncaHHux  BHme 
;i;HBiiHH^ai],exajieM.  Bee  nojiyHeHHue  nojiHAHBHHHJiau.exajiH  npeA- 
cxaBJiHiox  co6oh  njiaBKiie  Sejitie  nopomKH  hjih  Kay^yKonoAoSHHe 
xepMonjiacxHKH,  JierKO  pacxBopnMHe  b 6ojiBmHHcxBe  opraHHHecimx 
pacxBopHxejien  (apoMaxH^ecKiie  yrjieBOAopoAu,  xjiopco^epjKain,iie 
pacTBopHxejiH  H T.  A-)* 

KaK  H3BecxHO,  npH  aD;exajiHpoBaHHH  noJiHBUHHJiOBoro  cnnpxa 
nojiHoe  aaMemeHHe  Bcex  ni^poKCHJiBHLix  rpynn  HeB03M0>KH0,  h, 
cjieAOBaxejiLHo,  noJiy^eHHLie  nojiHBHHHjiai];exajiH  BcerAa  coAep^Kax 
HeKoxopoe  KOJinqecxBo  HesaMemenHux  rHApoKCiiJiBHtix  rpynn. 
MnHHMaJiBHoe  KOJinneoxBO  xaKnx  rpynn  no  MaxeMaranecKHM  noA“ 
CHexaM  Ojiopn  cooxBexcxByex  13^5  moji.%.  CoAepjKanne  aAexajiB- 

HHX  rpynn  (RCH<(^q)  b noJiynennHX  naiviH  noJiHAHBHHiiJiaii;exa- 
jiHX  onpeAejifljiH  naBecxHHM  moxoaom  rnApojiHXHnecKoro  okchmh- 
poBaHHH.  KOHxpojiH  napajiJieJiBHo  npoBOAHJiH  anajina  npo- 

MHmueHHOro  cepHnnoro  nojiHBHHHJi6yxHpajiH  (xaGji.  2), 
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KaK  BiiAHo  H3  TaSji.  2,  cxenenb  aii;eTajiHpoBaHiifl  b uojihahbh- 
HiiJiaij,eTajiflX  AOcraraeT  100%. 


Phc.  3.  BjiiinHiie  npo/^ojiHoiTejitnocTH:  noiEHMepHsaaHH 
Ha  BhixoA  nojiiiMepoB 

1 — ABB,  B npiicyTCTBiiii  nepeKiicii  GenaoiiJia;  2 — ABO,  to  me; 

2 — AB3,  B npHCyTCTBHlI  JI,HHIITPBJia  a30H30MaCJIHH0M  , KHCJIOTU, 

4 — ABB,  TO  me  ; 


^0  HacTOflmero  BpeRienn  ne  6BiJia  KsyneHa  bosmojkiioctb  miKJin- 
•lecKOH  conojiHMepH3aii;HH.  HaMH  iiccjieAOBaHa  AHKHHnecKaa  co- 
nojiHMepnaaAHH  Ha  npHMepax  conojiHMepHaaAHH  AHBHHHJiapeTa- 
Jiefi  C BHHHJIOBHMH  H AHBHOBHMH  MOHOMepaMH. 

CHj  CHj  — CH2CHCH2CHCH2CH  — . , . 

II  II  I i -I 

CH  CH  O 0 X 

\ 1 \ / 

O O +CH2=CHX-»  CH 

R 

I • 


Auaaiia  noan AHBHiinaa  aeTaaeii 


nojiiiMcp 

i Coaepmamie 

anEHHHjiaueTaabHux 
3BeHbeB  B noaHwepe,  % 

TTpoMBimaeHHHH  cepnii- 

76,5 

HUH  noaiiBiiHHa6yTH- 

76,2 

paat 

noaHATiBHHHa6yTiipaai> 

99,6 

■ 99,8 

noaHAUBUHnaaTaHaaB 

99,4  . 

99,1 
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TaK,  npM  coBMecTHOH  nojiHMepH3aii;iiH  flBB  co  CTiipojioM  b npii- 
^CyTCTBHH  1 MOJI.  % flllHHXpHJia  aSOHSOMaCJIHHOil  KHCJIOTBI  6lIJIB 
noJiyneHM  njiaBKHe,  pacTBopiiMtie  conoJiiiMepBi.  Kojihbgctbo  6y- 
THpaJibHHX  rpynn  b conojiHMepe  onpeAejieiio  MexoflOM  rHApojiiixji- 
BeCKOrO  OKCHMHpOBaHHH. 

BtiBHCJiGHHoe  MOJiapHoe  cooxHomeiiiie  3Beiii>eB  ^BB  m cxii- 
pojia  B nojiyaeHHHX  conoJiiiMepax  noji,XBep>Kji;aexcfl  xaKHce  ajie- 
MeHxapHLiM  anajiHsoM  (xa6ji.  3) 


T a 6 Ji iia  a 3 

ConOJIMMepH3a4H5i  flBB  co  CXHpOJlOM 


MojTFfpHoe  cooTHome- 
HHC  ABB  H CTHpOJia  B 
HcxoaHofi  cMecn 

MojTBpHoe  cooTHorae- 
Hiie  SBeHteB  ABB  n‘ 
CTHpojia  B conojiuMepe 

T.  iTJi.  conojiHMcpa, 
°G 

30 : 70 

12,32  :87,68 

115—120 

•50:50 

' 14,49  : 85,51 

107—116 

60:40 

15,99:84,01 

105—115 

70  : 30 

24,90:75,10 

104  - 106 

80:20 

.35,70:  64,30 

95—98 

90  : 10 

57,18:42,72  . 

56—58  ■ 

HmepecHo  oxMexHXb,  axo  npn  conojiHMepH3an,iiH  fl,BB  c bh- 
HHJia^exaxoM  b npncyxcxBHii  0,5 — 1 moji.  % flHHiixpHJia  asoiiao- 
MacjiHHOH  KHCJioxLi  o6pa3yexcH  conoJiHMep,  b KoxopoM  MOJiapHoe 
•cooxHomemie  SBenbeB,  no  oiipeAeJieHHK)  6yxHpajibHbix  h ai],exax- 
Hiix  rpynn,  npaKTnaecKH  cooxBexcxByex  MOJiapnoMy  cooxHome- 
HHH)  MOHOMepOB  B HCXOAHOH  CMGCPI  (Ta6jl.  4) 


3 " a 6 Ji  II  u a 4 

ConojiHMcpHsanHH  PfiB  c BMHHJiaaeTaxoM 


Mojinpiioe  cooTHOuie- 
HHe  ABB  H BIIHHJI- 
aucTaxa  b ncxoAHoft 
CMCCH 

j 

Mojiapnoe  cooTHome- 

HHe  BBeHbCB  ABB  II 
BiiHHjianeraTa  b coho- 
jiHMepe 

MojiapHoe  cooxHorae- 

Hlie  ABB  11  BHHHJI- 
aiicTaxa  b ncxoAHofi 
cwecH 

MojiHpnoe  cootho- 
meniie  sBenheB 
ABB  H BiiHHJiaue- 
xaxa  B conojiMwepe 

10  : 90  . 

10,26  : 89,74 

! 60  : 40 

61,52  : 38,48 

30:70 

29,85:70,15 

70:30 

68,13  : 31,87. 

40:60 

38,32  : 61,68 

90  : 10. 

88,61  : 11,39 

100' 
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Bo3MOH<HOCTL  U;HKJIO-D,HKJIHHeCKOH  COnOJIHMepil3au;HH  IIOKcW 
•aana  Ha  npHMepe  coBMecTHon  nojiHMepH3an,HH  JJJBO  h a 

TaK>Ke  flfid  H 


GH2 

II 

CH 


CHa 

II 

CH 


CH. 

II 

CH 


CH2 

II 

CH 


0 0 

\h/ 


+ 0 0 
■ 


R 


— CHaCHCHaCHCHa  CHGHaCH — 


0 0 


I 

0 0 

\ / 

CH 


R 


R' 


nojiyneHHLie  conojiHMepn  xopomo  pacTBopaiOTCH  b Seiisojie, 
xjiopo(})opMe,  amexoHe  h oGjia^aioT  bhcokhmh  aAresnoHHtiMH  cboh- 

CTBaMH. 

HaMii  HaynajiHCb  xauH^e  XHMHHecKHe  cBOHCTBa  nojiHAHBHimji- 
an;eTajieH  c nejiBio  onpeAeJiemifl  hx  CTpyKTypu.  IIojihahbhhhji- 
aHeTajiH  He  cnocoSHtr  k peaKHiiHM  *riiAPHpoBaHHH  h k npHCoeaH'* 
HeHHH)  6poMa,  HTO  yKasLiBaeT  na  oTcyxcTBHe  abohhhx  CBaaeir  b 
nojiiiMepe. 

Cxpoenne  npoAyKxoB  niHKJiHHecKOii  nojiiiiviepHsaHHH  ^^hbhhhji* 
ai];exajieH  oKOHHaxejibHO  6lijio  ftOKaaaHo  tharojihsom  npn  noMO- 
DAII  BOAHO-CHHpXOBOrO  paCTBOpa  COJIHHOKHCJlOrO  XHApOKCHJiaMHHa . 

CHaCHCHaCH  — . . . . . • -r  GHaCHCHaCH 

II  I ' I 

0 0 HO  OH  OH  +RCHO 


R 

KaK  H CJieAOBajio  OH^HAaxb,  axa  peaKn,HH  npHBOAnx  k o6pa30Ba- 
HEK)  HOJIHBHHHJIOBOrO  CEHpxa.  IIo JiyHeHHLIH  SeJIHH  EOpODIOK  XO- 
porno  paoxBopnexCH  b boab  h no  ajieMenxapHOMy  cocxasy  cooxBex- 
cxByex  HOJiHBHHHjioBOMy  CHPipxy,  HajiEEEe  mecxHEJieHHbix  h;hk- 

JIOB  B noJiHAHBHHHJiaH,eTaJiHX  noAXBepn^AaexcH  p-rJiHKOJieBoii 

cxpyKxypoH  nojiyneHHoro  nojiHBHHHjioBoro.  cnnpxa,  hxo  b cboeo 
onepeAB  noKasano  OKHCJieHHeM  ero  no  nssecxHOM  MexoAHKe  b ma- 
BejieByio  Kncjioxy.  . • 

TaKHM  oSpaaoM,  abb  BHHHJibHtie  rpynnbi  AHBHHHJiaAexajien 
npn  MencMOJieKyjiHpHo-BHyxpHMOJieKyjiHpnoH  noJiHMepH3an.Hn 
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pearapyiOT  no  rany  «roJioBa  >K  XB0CTy)>  c o6pa30BaHHeM  mecra- 
TOGHHux  i],HKjmHecKHx  nojiHMepoB  noJiHAHBHHHJian^eTa^ten,  t.  e.. 
an;eTaJH>HHX  nponsBOAHLix  nojinBHHHjioBoro  cnHpxa. 
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Summary 


In  the  course  of  the  last  two  years  reports  have  been  appearing 
on  a new  type  of  polymerization,  called  cyclic  polymerization. 
This  constitutes  an  intramolecular  closure  of  isolated  dienes- 
into  five  or  six  membered  rings  with  concurrent  intermolecular 
growth  of  the  chain. 

We  have  synthesized  for  the  first  time  divinyl  acetals  and  have 
investigated  their  capacity  for  cyclic  polymerization. 

A method  has  been  developed  for  the  synthesis  of  divinylace- 
tals  through  interaction  of  aldehydes  with  ethylene  chlorohydrin 
and  the  subsequent  dehydrochlorination  ofp,  p’-dichlorodiethyl- 
acetals.The  structure  of  the  divinylacetal.  monomers  was  proved, 
in  particular,  by  hydrolysis  and  hydrogenation. 

It  has  been  shown  that  in  the  presence  of  initiators  of  radical 
polymerization  divinylacetals  polymerize  only  by  means  of  the- 
cyclic  mechanism  with  the  formation  of  acetal  derivative  of 
polyvinyl  alcohol,  i.  e.  polyvinylacetals.^ 


OGH  = CH.2 

/ 

RCH 

"^OCH  = CH2 


. — CHa— CHCHaCH- 


0 ( 


R 


where  R=H,  CH3,  C3H7,  iso-C3H7,  iso~C4H9  and  CqH^,  Poly- 
vinylacetals have  been  obtained  with  the  extent  of  acetylation 
reaching  100%. 


1 The  name  «polivinylacetab  based  on  the  name  of  the  monomer  should 
be  changed  to  «polydivinylacetal)>. 
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Up  to  the  present  time  the  possibility  of  cyclic  copolymeriza- 
tion was  not  known.  We  have  investigated  this  reaction  on  the 
•examples  of  the  copolymerization  of  divinylacetals  with  vinyl 
and  diene  monomers. 

OCH  = CH2  • ■ • GH2GHCH2CHCH2 

RCH<  +CH.  = CHX-  I !)  inX- 

OCH  = CHj  \ / 

CH 

I 

R 

where  R=H,  CH3  and  C3H7;  X=OCOGH3,  CN  and  GgHs. 

The  possibility  of  cyclic  cyclo-copolymerization  has  been 
•demonstrated  by  copolymerization  of  divinylformal  and  divinyl- 
•ethanal. 

All  polymers  obtained  by  us  are  white  powders  or  rubber- 
like  thermoplasts,  easily  soluble  in  most  organic  solvents  and 
possessing  high  adhesive  properties.  They  do  not  add  hydrogen 
or  bromine,  indicating  the  absence  of  double  bonds. 

The  structure  of  the  polyvinylacetals  obtained  on  cyclopoly- 
merization of  divinylacetals  was  demonstrated  by  means  of  hyd- 
rolysis. As  was  to  be  expected  polyvinyl  alcohol  was  formed,  of 
which  in  turn  the  glycol  structure  was  proved  by  its  oxidation 
to  oxalic  acid. 

Hence  two  vinyl  groups  of  the  divinylacetals  during  intra- 
inter  molecular  polymerization  react  by  the  «head  to  tail»  mecha- 
nism to  form  polyvinylacetals  with  six-membered  cyclic 
structures. 


R4sum4 

Pendant  deux  dernieres  ann4es  onadecrit  une  nouvelle  espece 
de  polymerisation,  qui  est  consistee  a cyclisation  intramolecu- 
laire  par  cinq  ou  six  membres,  des  dienes  isoles,  avec  la  croissan- 
ce  intermoleculaire  simultanee  de  chame. 

G’est  pour  la  premiere  fois  que  nous  avons  synthetise  des 
acetals  divinyliques  et  etudie  leur  aptitude  a la  polymerisation 
cyclique. 

La  methode  de  preparation  des  acetals  divinyliques  par  in- 
teraction des  aldehydes  avec  chlorhydrine  ethyl enique,  avec  de- 
hydrochloruration  posterieure  de  p,  P'-dichloroacetals  diethyli- 
ques  a ete  developpee.  La  structure  des  monomeres  obtenus  (ace- 
tals divinyliques)  a ete  prouvee,  en  particulier,  par  reactions  de 
I’hydrolyse  et  de  1 ’hydrogenation. 
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Nous  avons  montre,  que  la  polymensation  des  acetals  diviny- 
liques  en  presence  des  amorceurs  de  polymerisation  radicalaire  est 
dirigee  exclusivement  a la  polymerisation  cyclique  suivie  par 
la  formation  des  derives  d’acetals  de  I’alcool  poly^dnyliqne^ 
soit  des  acetals  polydivinylique 

OGH  =:  CHs  ’ ■ • • • CH2CH  — GHaCH  • • • — 

rch/  — ^ i I 

OGH  ==  CH-a  \ / 

GH 

I 

R 


od  R = H,  CH3,  C3H7,  /50-C3H7,  ^90-C4Hy  et  CeHg. 

Nous  avons  obtenu  des  acetals  polydivinylique  dont  le  degre 
d’acetalation  atteint  100%. 

La  possibilte  de  copolymerisation  cyclique  n’etait  pas  etudiee 
jusqu’a  present.  Nous  avons.  examine  cette  reaction  prenant  a 
titre  d ’example  les  acetals  divinyliques  avec  les  monomeres  de* 
vinyle  et  de  diene. 

OGH  - GHa 

RCH<^  + CH2  = CHX— > 

^OCH  =CH2 


ou  R = H,  CHs  et  C3H,;  X = OCOCH3,  CN  et  Ceii,: 

La  possibilte  de  copolymerisation  cyclo-cyclique  est  mon-^ 
tree  par  la  copolymerisation  des  aldehydes  formiqiie  et  acetique 
divinyliques. 

Tons  les  polymeres  et  copolymeres  obtenus  etaient  les  poudres 
blanches  ou  matieres  thermoplastiques,  semblables  a caoutchouc;, 
ils  sont  solubles  dans  la  plupart  des  solvants  organiques  et  ont 
une  tres  forte  adhesion.  On  ne  pent  pas  les  hydrogener  et  ils- 
n’additionnent  pas  le  brome,  ce  qui  indique  a I’absence  de  doub- 
les liaisons  dans  les  polymeres. 

La  structure  des  produits  de  la  polymerisation  cyclique  des 
acetals  divinyliques  etait  prouvee  a Taide  de  I’hydrolyse  des 
acetals  polydivinyliques.  Dans  ce  cas,  comme  il  fallait  attendre, 
se  forme  I’alcool  polyvinylique  dont  la  structure  P-glycolique* 
etait  a son  tour  prouvee  par  oxydation.  en  acide  oxalique. 

Ainsi  deux  groupes  vinyliques  des  acetals  divinyliques,  au 
cours  de  la  polymerisation  intra  — inter  — moleculaire,  rea- 
gissent  selon  le  type  «tete~a-queue»  en  formant  des  poly- 
meres  cycliques  a 6 membres,—  acetals  polydivinyliques. 


.GH2GHGH2— CHGHaCHX- 

. I I 

0 0 

\ / 

GH 


R 
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CHHTE3  KPHCTAJUlH^IECKOrO 
n0JTHBHHHJlIi;HKJ10rEKCAHA 

; JE;.  a,  M y tauna,  A,  H,  n e p eAhMau^  A.  B.  T on^u  e e, 
. . E*  A.  E p em^  e Aiy 

V.  . . ■ (cccp)  ' - 


, • CiiHxea  KpHCTajiJiOTecKHX  nonHMepOB,  coflep^Kamnx  apOMara- 
SiecKHe  HJiH  Ha$TeHOBBie  H«pa,  npe^cTaBJiaeT  TeopeTmecKim  hh- 
.Tepe.c  SJifl  pasBHTHfl  Hamnx  npeACTaBJieHHH  • b o6jiacTH.CTepeocne- 
Aii^HHecKOH  nojiHMepiiaaAHH,  a laKJKe  HMeeT  npaKTH’ieckoe  ana- 
^eHHe.  c TOHKH  apCHHH  noJiyHeHHH  noJiHMepHHx  MaxepiiajioB,  xa- 
paKXepH3yiOII].HXCH  BHCOKOH  XepMOCXOHKOCXfclO. 

B nocjieAHHG  roffLi  SBiJia  noKasana  bo3MO>khoctb  ycneniHoro 
<i)cyiu,ecTBaeHHH  peaKi],HH  CTepeo.cneii,H$HHfecKOH  noJiHMepH3aii;HH 
pHAa  a-0Jie(|)HH0B  b npncyxcxBUH  okhchhx  KaxaJiH3aTopoB  [1,  3]. 

: TaSjiHAa  1 


PaCTBOpHMOCTb  nOJIHBHHMJiaHKJIOrCKCaHa  B paSJIHHHblX  paCTBOpMTeJlJIX 
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• npHnenaHHe:  (— ) — nepacTBopuM;  (+)  — /lacxHHHO  pacTBopuM; 

(-]--}-)  — xopomo  pacTBOpiiM. 
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OAHaKO  A^HHiiie  o noJiHMepHsaAHH  b npHcyxcTBHH  3thx  KaxaJiHsa- 
TopoB  BiiHHi[Ha(J)TeHOBHX  yrjieBOAopoAOB  HC  ony6jiHKOBaHi>i.  HsEe- 
CTHO,  HTO  Ha  OKHCHO-XpOMOBOM  KaTaJIHSaXOpe  nOJIHMepHSyiOXCfl 
Bce  a-ojie(|)HHLi,,  iie  HMeioiAHe  pasBexBJieHHH  Sjihbkb  HexBepxoro 
yrjiepoAHoro  axoMa  no  oxHoniennio  k abohhoh  cbh3h  h ho  coAep- 


Piic.  1.  TepMOMexanHHecKaa  KpHsaa  KpHCTajijiH^ecKoro  nojiHBHHHJiAHKJio- 

reKcana. . 

JKaiAiie  6oJiee  bocbmh  yrJi&poAHux  axoMOB  [2].  C Apyroii  cifopoHH, 
cxnpoji  He  nojiHMepH3yexcH  na  okhcho-xpomobom  KaxaMsaxope 
[3].  PasBHBaa  HamH  HCCJieAOBanHH  [4]  no  MexannaMy  noJinMepn- 
aaAHH  HenpeAOJibHLix  coeAnnennH  .pasjiHHHOH  cxpyKxypLi  na  okh- 
cho-xpomobom KaxajiH3axope  [5],  mbi  HsynHJiH  nojiHMepH3an;HH) 
BiiHHJimiKjioreKcaHa.  . 

IIojinBHHHJiAHKJioreKcaH  npeAcxaBJiaex  co6oh  Sejibiii,  ,tohko- 
AHcnepcHLiii  nopomoK  c xeMnepaxypoH  HJiaBJieHHH  320—325°; 
nojiHMep  xopomo  pacxBopHM  b opraHnnecKHX  pacxBopHxejiax 
{xa6ji.  1)'  • - ^ 

XapaKxepHCXHHecKaa.  bhskocxb  noJiHMepa,'  HSMepeHHaa  aJih 
pacxBopa- B AHKjioreKcaHe  npH  25°,  cocxaBJiaex  0,5-^0,6.  Penxre- 
HocxpyKxypuLiM  anaJiHSOM  nojiyaena  AH^paKAHonnaa  Kapxnna 
BbicoKOKpucxaajiHaecKoro  noJiHMepa  (pHC.2,a).  Ho  npeABapnxeaB- 
HBiM  abhhlim  xepMOMexaHHaecKoro  anajiiiaa  xennepaxypa  cxeKJio- 
Banna  nojiHBHHHaAHKaoreKcaHa  cocxaBJiaex  oKoao  0°,  x.  e.  paSoann 
HHxepBaa  xeMnepaxyp  nojiHMepa  0 — 325°.  Ha  pnc.  1 npHBeAe- 
Ha  xepMOMexaHHaecKaa  KpHBaa  KpHCxaJiJiHaecKoro  noanBHHHa- 
reKcana. 

HH(J)paKpacHHH  cneKxp  (pnc.  3)  noaHBHHHaAHKaoreKcana  noA- 
XBepAHU  npeAnoJiaraeMyio  cxpyKxypy  noaHMepa: 

— CH  — GHa -- CH  — CHa  - CH — 

11  I 

■ 0 . 0 ■ 0 
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HH(|)paKpacHHH  cneKTp  chht  b o6jiacTH  BaJieHTHHX  KOJieSaHHH 
Ha  cHeKTpOMeTpe  c npiisMon  hb  KBr.  Ha  cneKTpe  bhahh  a®®  nojio- 

CBI,  OTHOCHII],HeCfl  K aCHMMeTpHHHblM  H .CHMMeTpHTOHM  BaJieHT- 

HBiM  KOJieSaHHHM  CH2-rpyn- 


HBi.  IIpHBeAeHHyio  CTpyK- 
Typy  noATBep>Kji;aeT  ,TaKjKe 
TO  o6cTOHTeJIbCTBO,  HTO  H30- 
TaKTH^ieCKHH  j I HOJIHBHHHJI- 
ii;HKJioreKcaH  mojkho  nojiy- 
TOTB  THflpHpOBaHHeM  H30- 
TaKTHHeCKOrO  HOJIHCTHpOJia 
[6]. 

• CpaBHeHHH  CBOHCTB 

H CTpyKxypBi  o6pa3yioiii,e- 
rocH  noJiHMepa  6biji  npo- 
BOAOH  xaKH^e  CHHxea  hojih- 
BHHHJmHKJioreKcaHa"^  c npn- 


Phc.  2.  PeHTrenorpaMMa  KpncxajiJiHqecKoro  iiojiHBHHHjm;HKJioreKcaHa, 
nojiyqeHHoro  b npncyTCTBHH: 

a — OKHCHO-xpoMOBoro  KaiajiHaaTOpa;  6 — KaTajiHsaxopa  AI(w3o-C4H,)3  + TiCU, 
5 — OKHCHO-XpOMOBOrO  KaTajIHSaTOpa  C HOOaBBOM  Al(W30-C4Ha)a 


MeneHHeM  KaxajiHsaxopa  Hnrjiepa  [Al(w30-C4H9)3  + TiCl4].  OKaaa- 
jiocB,  HTO  nojiyHeHHBiii  xaKHM  o6pa30M  noJiHMep  no  cbomm  (|)ii3HKo- 
xHMH^ecKHM  CBOHCTBaM  H cxpyKxype  ne  oxJiHnaexCfl  ox  noJiiiMepa, 
noJiynennoro  na  okhcho-xpomobom  KaTajinsaxope  (piic.  2,6), 
HnxepecHO  otmothtb,  nxo  HeSojiBnine  Ao6aBKH  (m3o-C4H9)3A1  k okhc- 
HoxpoMOBOMy  KaxaJiHsaxopy  cymecTBenno  yBejin^MBaioT  bhxoa  no- 
jiHBHHHJmHKJioreKcana,  ne  MennH  ero  cxpyKxypBi  (pnc.  2,e),  Sagcb 
Ha6jiiOAaeTCH  anaaiornH  c AencxEiieM  Ao6aBKH  (m30-C4H9)3A1  npn 

120 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


a-0Jie(|)HH0B,  HSinp.  noJiiraponiiJieHa 
B OTJIHBHG  OT  CTHpOJia  BHHHJIIIiHKJIOreKCaH  o6- 


nOJIHMepH3aii;HH  HCKOTOpblX 

11,7]. 

TaKHM  oSpasoM, 
paayeT  Ha  okhcho-xpomobom 
HHM  KpHCXaJIJIHHeCKHH  HOJIH- 
Mep.  9tO  M05KH0  o6'bflCHHTb 
paajiHHHOH  xeMocop6ii;Heii  mo- 
HOMepoB  Ha  noBepxHOCTH  Ka- 
TajiHsaxopa.  HsBecTHo,  hto  ajih 
npOHBJieHHfl  BHCOKOH  KaTaJIH- 
THHeCKOil  aKTHBHOCTH  HOBepX- 
HOCTH  B peaKAHH  Heo6xoAHMa 

cjia6aH,  HO,  tgm  ho  Menee, 
6LiCTpaK  xeMocop6AHH  pearii- 
pyioiAPix  BemecTB. 

ripii  o^eHb  npoHHOH  xeMo- 
cop5Aim  noBepxHocTHbiH  cjioh 


KaTaJiHsaTope  BbicoKOMOJieKyjiHp- 


Phc.  3.  IlH^paKpacHBiii  cneKxp 
nojiHBHHHjmHKjioreKcaHa . 


oKasbiBaeTCH  imepTHHM.  One- 
bhaho  b cjiynae  CTHpojia  mo>k- 
HO  npeAHOJiojKHTb  jih6o  npo- 
CTyio  xeMocop6n;HK),  jih6o  xaKoe  nojiojKeHiie  ero  na  noBepxno- 
CTH,  KOTOpoe  BBAGT  K aACOp6l],HH  TOJIbKO  6eH30JIbH0r0  KOJIbIi;a,  BTO 
CBHsaHO  c ajieKTpoHHLiM  cTpoemieM  6eH30jibHoro  HApa 


^CH  = CHa 


2 


noBGpxHocTB  KaTajiHsaxopa 


BiiHHJiAHKJioreKcaH,  oHeBHAHO,  aACop6npyeTCfl  cjiBAyioiipui  o6pa- 

30u: 


OXCH  = OH. 


noBepxHOCTb  KaTajiKsaxopa 


CjieAyeT  OTMCTHTb,  HTO  HO  HaiHHM  3KCnepHMeHTaJIbHbIM  AaHHHM 
yAajieHMG  bhhhjibhoh  rpynnbi  ox  6eH30JibHoro  KOJibii;a  noBLimaex 
peaKAHOHHyK)  chocoShocxb  MOHOMepa,  h noxoMy  na  oKiicHO-xpo- 
MOBOM  KaxajiH3axope  nojiynaioxcH  noJiHMepH  xaKHX  MOHOMepoB, 
KaK  ajiJiHJi6eH30Ji  h 4“(j)eHHJi6yxeH-l. 

B 3aKJiK)BeHHe  cjieAyex  KpaxKo  ocxanoBHXbCH  na  moxoahko 
3KcnepHMeHxa.  CHHxes  nojiHBHHHJiij;HKJioreKcaHa  c npiiMeHeHiieM 

121 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


f((u30-G4H9)3Al  + TiCl4]  npoBOAHJiH  B aMnyjie  h b KOJi6e  npn  80^^, 
aTMoc$ep^oM  AaBjieHHH,  b toko  OHHmeHHoro  asoxa,  b xeiieHHe 
4-— 5 Hac.  npH  mojikphom  cooxHonieHHH 

(Mao-C4H9)3Al  _ 2 . 

TiCU  1 * 

IBbixoA  noJiHMepa  cocxaBJiaji  ~30%. 

CuHmes  c npuMenenueM  OKucno-xpoMoeoao  Kamajiuaamopa. 
.noJiHMepH3ai^HK)  npOBO^HjiH  B aMnyjiax  c pacTBopHTejieM  (renxa- 
HOIVI  HJIH  6eH30Ji0M)  npH  80°  Ao6aBKOH  H 6e3  ao- 

*6aBKH.  SaMBHa  renxaHa  6eH30Ji0M  npHBeJia  k nojiyqeHHio  nojiH- 
-Mepa,  KOTOpHH  He  KpHCXaJIJIHHeCKOH  AH^paKAHOHHOH  Kap- 

TTHHH.  OjieMeHxapHBiH  cocxaB  npjiHMepa,  nojiyAennoro  Ha  okhcho- 
JcpoMOBOM  KaxaJiHsaxope,  npHBeABH  b xa6ji.  .2. 

TaSjiHAa  2 

SjieMeHTapHbiif  cocraB  nojiHBHHHJiAHK- 
jioreKcana 


C.  % 

H.  % 

I 

HanAeno  . . 

87,22 

12,80 

BHHHCJieno 

, 87,27  ‘ 

12,72 

BHHiiJiAHKjioreKcaH  CHUxeBHpoBaJin  no  cxene  [8] 

(CH#C0)20  nnpoJiHS 

CeHuCHaCHaOH ^ CeHnCHaGHaOCOCHg— CeHuGH  = CHa 

500° 

TJ^HKJioreKCHJiaxHJiOBLiH  cnnpT  noJiynajiH  AsyMH  nyxHMH:  1)  no  pe- 
rpnHBHpa  H 2)  rnApapoBanneM  ^ennJiaxHJiOBoro  cnnpxa. 

TaSjiHAa  3 

CBOMCTBa  BHHHJIUHKJlOreKCaHa 


HamH 

JiHTepaTypHbie 

AaHHbie 

T°  KHD.  . . 

120/759  MM 

125/740  MM 

.... 

1,4470 

1,4470 

df  

0,8060 

0,8091 

MRj^  Hatin- 
MRd  BuqHCJT. 

36,41 

36,38 

36,47  ...  . 
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CTpoeHiie  npoMeJKyxoHHHX  coeAHHeHHH  noAXBepjKAeHO  hx  koh- 
cxaHxaMH  II  nocJieAyioiAHMH  npeBpameHH'HMH. 

KoHcxaHXBi  BHHHJiAHKJioreKcaHa  npABeACHH  b xa6Ji.  3. 
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Summary 

The  least  known  field  of  stereospecific  polymerization  is  the 
polymerization  of  vinylcycloalkanes.  At  the  same  time  poly- 
vinylalkanes  and  especially  polyvinylcycloalkanes  may  be  of 
considerable  interest  as  a new  class  of  crystalline  polyvinyl  com- 
pounds. With  this  in  mind  the  synthesis  has  been  carried  out 
of  polyvinylcyclohexane  and  its  properties  have  been  investi- 
gated. 

Polymerization  of  vinylcyclohexane  takes  place  in  the  presence 
of  titanium  tetrachloride  and  isobutylaluminum  or  of  chromium 
oxides  on  alumosilicate. 

The  -polymer  obtained  with  different  catalysts  and  under 
varying  conditions  (temperature,  solvent,  catalyst  concentration 
etc.)  according  to  x-ray  data  has  a high  degree  of  crystallinity. 
The  melting  point  is  325°  and  the  intrinsic  viscosity  from  0.5  to 
1.5.  A characteristic  feature  is  its  good  solubility  in  naphthenic 
and  aromatic  hydrocarbons. 

The  structure  of  the  polymer  has  been  established  and  thermo- 
mechanical curves  have  been  determined  for  polymers  obtained 
on  various  catalysts. 
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Resume 

C’est  la  polymerisation  de  vinylcycloalcane  qui  est  le  domai- 
ne  de  polymerisation  le  moins  etudie.  Cependant  les  polyvinyles 
et  surtout  le  polyvinylcyclohexane  peuvent  presente  1 ’ inter et 
considerable  comme  la  classe  nouvelle  des  polyvinyles  cristallins. 
A cette  occasion  la  synthese  de  polyvinylcyclohexane  et  I’etude 
de  ses  proprietes  ont  ete  entreprises. 

La  reaction  de  polymerisation  de  vinylcyclohexane  s’effectue 
en  presence  du  tetrachlorure  de  titane  et  de  Lisobutyl  alumi- 
nium on  des  oxydes  de  chrome  sur  I’alumosilicate. 

Le  polymere  obtenu' sur  les  differents  catalyseurs  et  aux  dif- 
ferentes  conditions  (temperature,  solvant,  concentration  de  cata- 
lysateur  etc.)  Selpn  les  donnees  radiographiques  possede  tine  hau- 
te cristallinite.  La  temperature  de  diffusion  du  polymere  est  de 
325°,  la  viscosite  caracteristique  est  de  0,5  a 1,5.  Le  polymere 
est  caracterise  par  un  haut  degrd  de  sa  solubilite  dans  les  naphte- 
lies  et  les  hydrocarbures  aromatiques. 

On  a trouve  la  structure  du  polymere  et  on  a fait  des  courbes- 
thermomecaniques  pour  le  polymere  obtenu  sur  les  divers  cata- 
lyseurs. 
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•0  ^OJIHMEPH3A^HH  ^OJIHa)yHK^HOHAJlbHbIX 
coe;i;hhehh0 

II,  A,  A p 6 y 30  6 E,  H,  P o cm  o 6 cn  ti  it 
(CCCP) 


ripii  noJiHMepH3aii;iiH  HenpeAejibHHX  MOHonepoB,  coAep>Kaiij;iix, 
KpoMe  BiiHHJibHOH,  Apyme  BbicoKoaKTHBHbie  (J)yHKn;HOHajibHHe 
rpynnbi,  jierKO  oSpaayiOTCH  npocxpaHCXBeHHbie  noJinMepbi.  B03- 
MOJKHOCXH  CIIHXe3a  npH  3XOM  paCXBOpHMbIX,  He  XpeXMepHbIX  MaKpO” 
MOJieKyji  — HsyHeHH  neAocxaxoTOo.  Hacxonmee  coo6in;eHHe 
nocBHmeHo  noJiynenHio  Jinnefinbix  noJiHMepoB  113  aKXHBHbix  nojiii- 
$yHKH,noHajibHbix  coeAHHeHni  npn  nojiHMepiisaAHH:  1)  HenpeAejib- 
Hbix  coeAiiHeHHH,  coAepJKaiAHX  MexHJiojiaMHAHyio  rpynny  h 2)  ah- 

OJie^IIHOBtlX  npOH3BOAHbIX. 

MoHOMepHbie  MexHJioJiaKpnji-  ii  MexanpajiaMHAbi  Shjiii  BnepBbie 
nojiyHeHbi  necKOJibKO  Jiex  nasaA-  yKasbreaJiocb  xaK5Ke,  hxo  npii  lix 
nojiHMepii3ai];iiii  o6pa3yioxcH  nepacxBopHMbie  xpexMepHbie  hojih- 
Mepbi  [1].  CBOMCXBa,  XHMHHecKiie  npeBpain,eHHH  ii  chhxgs  3xhx 
BeiAecxB  ii3yHajiHCb  AaJiee  c y^acxneM  aBxopoB  naoxoaiAero  coo6- 
lAeHHH  [2—4].  IlpH  (J)oxonojiHMepH3an;iiH  MexiiJiojiMexaKpnjiaMHAa 
6biJi  noJiyneH  jiiiHetHbiii  nojiHMep  [2].  OAnaKo,  MexiiJiojiaKpHJiaMHA 
B aHajioniBHbix  ycJiOBHHX  cxpyKxypnpoBaJiCH.  IIoaxoMy  AaJibHen- 
nian  paSoxa  6biJia  HanpaBJieHa  na  HayHenne  XHMHaivia  npeBpaiAeHHH 
MexHJioJibHoii  rpynnH. 

BbiJio  ycxaHOBJieHo  npoMe>KyxoBHoe  oSpaaoBaniie  An(Mexa-  . 
KpHJiaMiiAo)AHMexHJiOBoro  3(|)Hpa,  BJiHHHne  pH  cpeABi  Ha  BxopHH- 
Hbie  peaKAHH,  npoxenaiomHe  c MOHOMepoM  ii  nojiHMepoM,  h nojiynen 
jiHHeHHHH,  AocxaxoHHo  cxa6HJibHbiH  npi'i  xpaHenioi  nojiUMemu- 
jiojiaKpujiaMud  ’ 


^ irojiyneH  coBMecTHO  c HoBimKOBOii. 
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CxeMa  ocHOBHHX  peaKi^HH  npHEeflena  hidkg 
. , ^RCNHj,-'  CH,0  . 


nRCNH— CH,OH  RCNHCHj— O— CHjNHCR  + H>0 

A \ II  / II 

0 ...  \ 4 O / O 


RCNH— CHo— NHCR  + CH,0 


nojiHMepH3aii,iiK)  npOBOAHJiH  B 10%-HOM  BOAHOM  pacTBope  npiE 
TeMnepaType  10— 30°  h pH  = 10—14  b npncyTCTBHii  iiHiiii;iiHpyio- 
meii  CHCxeMLi,  cocTOHmeH  iis  nepcyjiL(|)aTa  KajiHH  h rHApocyjib(|)HTa. 
HaTpHH.  Bbixoa  noJiHMepa  cocxaBJiHJi  70%,  xapaKxepiicxi™cKaa 
BHBKOcxb  0,5—0,65.  IIoJiHMep  xopomo  pacxBopaJiCH  b boao.  IIpn: 
HarpeBaHHH  b cJiaSoKHCJion  cpeAe  nponcxoAHTO  cxpyKxypnposa- 
HHG,  a B KOHAeHxpnpoBaHHOM  pacxBope  khcjioxbi  — oxiAenjieHiie* 
(|)opMajii>AerHAa  no  peaKAHH  2.  yauxuBaH'  bo3mo>khocxii  a^Jib- 
HenniHX  npeBpameHiiH  MexHJiojibHOH  rpynnbi,  aBxopaMii  Sbijiii 
nojiyneHLi  conoJinMepu  MexnAoJiaMHAGB  c aKpnjioHHxpHJiOM  ii  SyxHJi-  * 
MexaKpHJiaxoM.  OnLixti  noKa3aJiH,  nxo  conoJinnepH,.  nocjie  co3Aa- 
HHH  MocxnnHOH  CBH3H,  BHSBiBaion^eH  . BHannxejiLHLie  n3MeHeHiia 
(|)H3HKO-XHMHHeCKHX  CBOHCXB,  Moxyx  HMeXB  nponHOCXB  Ha  paapLiB 
6ojiee  BBicoKyio,  nen  y hcxoahoxo  roMonoJiHMepa.  TaniiM  oSpaaoM,; 
peaKAHOimaH  cnoco6HOCXB  nenpeAeJiBHLix  MexnjioJiaMiiAOB  nosBOJia- 
ex  npHMGHHXB  HX  A^^  HOJiyaeHHH  HacxHHHo.  coAep>Kain;iix  nonepen- 
HLie  CBH3H  noaiiMepoB  nyxGM  ABycxaAHHHoro  npon;ecca,  KoxopBiii 
n,ejiecoo6pa3Ho  nassaxB  nojiHMepH3ai],HOHHo-KOHAeHcai];HOHHi>iM.. 

Bxopoe  iianpaBJieHHe  HCCJieAOBaHiiH  6hjio  nocBHin;eHO  nsyae- 
HHK)  nojiHMepHaaAHH  ahojig^hhobbix  MOHOMepoB.  Pa6oxaMH  Bax- 
jiepa  [5],  /],5KOHca  [6],  MapaeJia  [7]  n Ban  IleineHa  [8]  6Bmo  ycxa~ 

HOBJieHO,  HXO  npH  nOJIHMepHBaiAHH  AHOJie(|)HHOBBIX  MOHOMepOB, 
HGHaCBIIAeHHHX  B HOJIOJKeHHH  1,5  HJIH  1,6  o6pa3yiOXCH  HaCBHAGH- 
HBie  JiHHeraBie  noJiHMepBr,  cocxoam^He  h3  mecxHHJieHHHx  h;hkjiob,. 
pa3AeJieHHBix  MexHJieHOBBiMH  rpynnaMH. 

AfixopaMH  HacxoHiAero  coo6in;eHHa  Sbijio  ycxaHOBJieno  necKOJiB- 
Ko  HOBBix  cjiynaeB  nojiHMepH3an;HH  no  n;HKJiHHecKOMy  MexaHH3My 
CHMMexpHHHLIX  H HeCHMMexpHHHBIX  1,5  H 1,6  AHOJie(|)HHOBBIX  MOHO~, 
MepoB:  AHBHHHJiaiAexajieH  MOHoajiJiHJiOBBix  3(|)HpoB  HeHacBimeH- 
HBIX  KHCJIOX,  BHHHJIOBOrO  a$Hpa  KpOTOHOBOH  KHCJIOXBI.  J],UeUHUJl- 

ai^emajiu  6hjih  noJiyneHBi  oxiii,enjieHHeM  xjiopncxoro  BOAopoAa  ox* 

1 IIojiyqeHLi  coBMecTHO  c CyaianOBLiM.  - .....  * 
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au;eTaJieH  p-xjiop3THJiOBoro  cnapTa.  HpH  nojiHMepH3au;HH  b nacce' 

B npHcyxcTBHH  HHHi^iiaTbpoB  paAHKajiBHOH  noJiHMepH3aii;HH,  a 
TaKH^e  npn  oSjiy^eHHii  yjiBTpa^HOJiexoBHM  CBexoM  Shjih  nojiyne- 
HH  jiHHeHHHe,  pacxBopHMHe  B opraHOTecKHX  pacxBopHxeJiHx  nojiH- 
BiiHHJian;exajiH:  noJiHBHHHJi^opMaJiB,  nojiHBHHHJiaxHJiaJib,  nojiH- 
BE[HHJi6eH3ajib.  nojiHMepH  fl;HBHHHJi(|)opMajiH  HMGJiH  xapaKxepH*- 
cxHHecKyK)  BH3K0CXB,  paBHyK)  0,13—0,3,  a coAepH^anne  abohhlix 
CBflaelr,  onpeAejieHHoe  SpoMnpoBaHHeM,  cocxaBJiHJio  6—7%. 
HenpeAejiBHocxB  noJiHBHimjiaxnjiaJiH  cooxBexcxBOsajia  6%,  [ril 
0,150. 

IIoJiyHeHHBie  noJiHMepLi  npeACxaBJieiiLi  hh^kg. 


yCXaHOBJIGHHG  B03M0JKH0CXH  nOJIHMGpH3aAHH  AHBIIHIIJiaii;GXaJIGH 
no  ii,HKjiHnGCKOMy  MexaHH3My  hosbojihcx  naMexnxB  hoblih  nyxB. 
CHHXG3a  aAGxajiGH  noJiHBHHHJiOBoro  cnnpxa. 

Ilpn  nojiHM6pH3aii;HH  b MaccG  b npncyxcxBnn  imimnaxopoB 
nGpGKHCHoro  xnna  nojiynGnti  c bbixoaom  40 — 50%  jihhghhhg,  pac- 

XBOpHMBie  B AHOKCaHG,  AHMGXHJI^OpMaMHAG  H HGKOXOpiJX  APY^HX 
opraHHHGCKHX  pacxBopnxGJiax  nojiuMepu  MonoaJiJiujioehix  d^upoe- 
MajieuHoeou  u i^umpaKonoeou  Kucjiom  XapaKXGpncxiinecKan 
BH3K0CXB  nOJIHMGpa  MOHOaJIJIHJIOBOrO  3(J)Hpa  MaJIGHHOBOil  KHCJIOXBI 

cocxaBJiHJia  0,156,  MOJiGKyjiapHHH  bgc,  onpGAejiGHHBin  moxoaom* 
HGyCXaHOBHBmGrOCH  CGAHMGHXaAHOHHOrO  paBHOBGCnn,  15000^. 
Bhjio  ycxanoBjiGHO,  nxo  hojihmgp  BKJiioHaGX  okojio  25%  sbghbgb,. 
coAep}Kani;Hx  abohhhg  cbh3h  aJiJinJiBHoro  xnna.  noJiHMGpiiaaAna 
MOHOaJIJIHJIOBLIX  3(|)HpOB  MaJIGHHOBOH  KHCJIOXH  MOJKGT  6bIXI>  npGA" 
cxaBJiGHa  cji6Ayioni,GH  cxgmoh: 


COOH 
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1 

CH— CH  — - 

1 I 
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CHa  CH 
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CH 
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-CHa  — CH  CH  - 
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H 0 
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GHz  0 = 0 
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\/ 
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0 

gh  _ 
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^ IIOJiyHeHM  COBMeCTHO  c IIjiotkhhoh. 

2 OnpeaejiGHHe  MoaeKyaapHoro  Beca  npOBoana  OpenKeaL. 
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Hajiiraie  HenacBimeHHHx  rpynn  b JiHHeHHOM  noJiHMepe  no3BO- 
jiHJio  npoBecTH  AaJibHeHinyio  noJiHMepH3aii;HK)  c noJiy’ieHHeM  xpex- 
jviepHoro  nojiHMepa,  .o6jiaAaion3,ero  bbicokoh  noBepxnocxHOH  xeep- 
,Ji;OCTLK).  I 

ripii  nojiHMepH3auiHH  euHUJioeux  d0upoe  mpauc-KpomoHoeou 
H KOpHTOOfl.  KHCJIOT  SbIJIH  HOJiyHeHtl  JIHHeilHBie  nOJIHMepLI 
XapaKxepiiCTHHecKaK  bhskocxb  ofljHoro  ,h3  o6pa3ii;dB  noJiHBHHHJi- 
KpoxoHaxa  cocxaBJiHJia  0,3..  Hay^enne  npoAyKxos  oMBijieHHH  noKa- 
.sajio,  Hxo  nojiHMep  BHHHJiKpoxonaxa  coAep>KaJi  JiaKxoHHBie  h 3(|)Hp- 
HLie  3BeHBH  B oxHomeHHH  1 : 1.  Gxena  npeBpameHHH,  npoHCXOA>i- 
•DAHX  B meJioTOOH  H KHCJiOH  cpe^e  npeACxaBJieHa  hhjkg. 


CHa  GH 
I!  II 

•CH  CH 

I I 

O CO 


GHs 

CH  CHg 

y l^eJlOHb  j 

__ch2-ch  CH — z!: ch^ — c - ch - ch - 

\ I nucjwma  | 

O— CO  CO 

I 

ONa 


y noJiHMepa  BKHiiJiKopH^iHoro  3(J)Hpa  iia  oaho  a^upnoe  3BeHO 
:npHxoAHJioci>  2—3  3BeHa,  coAep>Kaiu;HX  jiaKxoHHLie  ia;HKJiBi. 
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Summary 

The  present  investigation  is  a two-sided  approach  to  poly- 
Tunctional  compounds  namely: 

1)  polymerization  of  unsaturated  monomers  containing  reactive 
-groups,  in  particular,  methylol  derivatives  of  unsaturated  acids; 

2)  cyclopolymerization  of  diolefinic  monomers,  as  illustrated 
by  a number  of  examples. 

^ nojiyneKbi  cOBMecxHO  c BapuHOBOH. 
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In  the  first  method  of  attack  conditions  have  been  investigated 
nnder  which  soluble,  linear  polymers  are  formed.  Our  studies  have 
(thrown  light  oii  the  mechanism  of  reactions  facilitating  the  for- 
.mation  of  crosslinks.  From  a study  of  the  polymerization  of  methy- 
Jolacrylamide  monomers  (in  collaboration  with  L.  M.  Novich- 
kova) it  became  possible  to  direct  the  reaction  towards  the 
iformation  of  soluble,  linear  polymers.  The  possibility  of  further 
'Conversions,  such  as  transformation  of  the  linear  polymers  to 
three-dimensional  ones  leads  to  the  polymerization-condensation 
concept  of  polymer  formation.  This  is  of  particular  interest,  since 
It  provides  the  basis  for  predetermined  modification  of  polymer 
properties  (for  example,  elimination  of  flow,  increase  of  strength, 
chemical  resistance,  etc.).  The  reactivity  of  the  methylol  amide 
group  allows  the  use  of  the  compounds  in  question  for  these  pur- 
poses, for  instance  as  copolymer  with  acrylonitrile. 

The  second  method  of  attack  is  the  cyclic  polymerization  of 
symmetrical  and  unsymmetrical  diolefine  monomers  and  of  com- 
pounds arising  in  the  process  of  polymerization  of  1—6  unsatura- 
ted systems,  harlier,  Butler,  Merville,  Jones  et  al.  have  pointed 
out  to  the  formation  of  linear  cyclic  polymers  in  the  polymeri- 
zation of  symmetric  di vinyl  and  diallyl  monomers  unsaturated 
in  the  1,5  and  1,6  positions. 

The  authors  of  the  present  work  have  synthesized  a number 
of  acetals  of  vinyl  alcohol  and  ascertained  the  conditions  for  the 
formation  of ‘linear  polymers  consisting  of  six-membered  cyclic 
repeating  units  connected  by  methylene  groups;  Polymerization 
of  asymmetric  diene  monomers  was  investigated  using  as  examples 
vinylcrotonate,  bulk  polymerization  of  equimolecular  quanti- 
ties of  allyl  alcohol  and  maleic  anhydride  and  copolymerization 
of  maleic  anydride  with  dibenzalacetone.  The  establishment  of  the 
possibility  of  divinylacetal  polymerization,  according  to  a cyclic 
mechanism  makes  it  possible  to  outline  new  ways  of  synthesis 
of  the  acetals  of  polyvinyl  alcohol.  It  has  also  been  found 
that  in  the  polymerization  of  the  asymmetric  diene  monomers 
vinylcrotonate  and  monoallyl  maleate,  soluble,  linear  polymers 
are  formed,  of  which  the  properties  indicate  that  cyclization 
takes  place  in  the  course  of  the  reaction. 

The  work  was  carried  out  with  the  participation  of  R.  R.  Kos- 
tikov, I.  K.  Mosevich,  S.  A.  Plotkina  and  K.  Sultanov. 


Resume 

Cette  etude  est  consacree  a la  recherche  des  composes  poly- 
fonctionnels  en  deux  directions: 

1)  Polymerisation  des  'monomeres  insatures,  contenant  des 
9 Me>K;^yHapoAHfciii  cHMnosnyM,  ccki^hh  I ^ 
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groupes  capables  a reaction,  notamment,  les  derivees  methylo- 
lamidiques  des  acides  insatures;  2)  Polymerisation  cyclique  des. 
monomeres  diolefiniques  sur  quelques  exemples. 

Dans  le  premier  sens  on  etudiait  les  conditions  de  formation 
des  macromolecules  lineaires  solubles.  Nos  etudes  ont  permis 
d’etablir.le  chimisme  des  reactions  contribuant  a la  formation 
des  polymeres  reticules.  L' etude  de  la  polymerisation  des  monome- 
res metbylolacrylamidiques  (en  commun  avec  L.  Novitchcova) 
a permis  de  diriger  le  processus  dans  le  sens  de  la  production  des 
polymeres  lineaires  solubles.  La  possibilite  des  transformations 
ulterieures  des  polymeres  lineaires  pareils  en  polymeres  reticules 
.mene  au  developpement  de  la  conception  des  processus  de  «poly- 
merisati.on-condensation»  au  cours  desquels  se  forment  les  poly- 
meres. Cette  conception  a un  interet  independant,  car  dans  ce 
cas  peut  avoir  lieu  une  modification  dirigee  des  proprietes  du  poly- 
mere  (par  example,  P elimination  de  la  fluidite,  Pelevation  de  la 
resistance,  resistance  chimique  etc.).  La  reactivite  du  groupe  me- 
tylolamidique  permet  d’appliquer  les  composes  en  question  dans 
les  buts  indiques,  par  example,  sous  forme  du  copolymere  avec 
Tacrylonitrile.  ' 

Le  deuxieme  sens  de  Tetude  est  consacre  a T etude  de  polyme- 
risation cyclique  des  monomeres  diolefiniques  symetriques  et 
asymetriques  et  des  composes  formant  au  cours  de  polymerisa- 
tion les  systemes  insatures  1 — 6.  Auparavant,  Buttler,  Marvel 
Jones  et  d^autres  indiquaient  a la  formation  des  polymeres 
cycliques  lineaires  dans  la  polymerisation  des  monomeres  divi- 
nyliques  et  diallyliques  symetriques  qui  sont  insatures  en  posi- 
tions 1,5  et  1,6. 

Les  auteurs  de  ce  travail  ont  synthetise  une  serie  d’ acetals 
d’alcool  vinilique  et  etabli  les  conditions  de  polymerisation  qui 
aboutissaient  a Tobtention  des  polymeres  lineaires  se  composant 
des  cycles  de  6 membres  repetes.  Ces  cycles  sont  lies  par  des  grou- 
pes methyleniques.  La  ^polymerisation  des  monomeres  asymetri- 
ques dieniques  a ete  etudiee  sur  les  exemples  de  crotonate  de  vi- 
nyl, de  polymerisation  en  masse  des  quantites  equiraoleculaires 
d’alcool  allylique  et  d’anhydride  maleique  et  de  copolymerisa- 
tion d^anhydride  maleique  et  dibenzalacetone.  L’etablissement 
de  la  possibilite  de  polymerisation  des  divinylacetals  selon  le 
mecanisme  cyclique  permet  de  tracer  une  nouvelle  voie  de  syn the- 
se des  acetals  de  I’alcool  polyvinylique.  On  a egalement  etabli 
qu'au  cours  de  la  polymerisation  des  monomeres  asymetriques 
dieniques  de  crotonate  de  vinyl  et  d ’ester  mono-ally lique  d’acide 
maleique  on  obtenait  les  polymeres  lineaires  solubles  dont  les 
proprietes  indiquaient  que  la  cyclisation  avait  lieu. 

Au  travail  ont  pris  part  R.  Costicov,  J.  Mocevitch,  S.  Plot- 
kine,  et  K.  Soultanov. 
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0 ^0J1HMEPH3A^HH  BHHHJ1KAPBA30JIA 
B HPHCyTCTBHH  KATAJIH3ATOPOB  THHA 
ByTHJIjmTHH  H 'lETBIPEXXJIOPHCTOrO  THTAHA 

O.  0.  CoAOMon,  M.  ^UMontie,  K.  Am6  poow, 

M.  ToMecKy 

(PyMLIHHH) 


CTepeocnei;H(J)iiHecKaH  noJiHMepH3aii.HH\  bhhhjiobhx  coeAHHe- 
HHH  c saMecTiiTejiaMH,  coAepa^amuMn  6oJii>iiioro  oS'Leivia, 

HpeACTaBJiaeT  Sojibbioh  HHxepec  b cbh3h  c BUHCHenneM  bjihhhhh 
KaK  npocTpaiiCTBeHHBix  npenaTCTBHH,  xaK  h noJiapHHx  hjih  neno- 
jiapHLix  saMecxHxejieH  na  MexannsM  r[OJiHMep,H3aii,HH  axoro  xnna. 

HacxoaiAero  BpeMCHH  b Jiaxepaxype  onMcaHU  xojibko  hccjig- 
AOBanaa,  BHnojiaeHHHe  c moho-  h noJiiiAHKJiHaecKHMH  apoMaxii- 
aecKHMH  bhhhjiobhmh  coeAHiieHHaMH,  b aacxHqcxii  c 3aMeiii.eHHHM 
B aApG  cxHpoJiOM  [1,  2],  KpHBLie,  npHBGAeHHtie Ha  puc.  l,noKa3Li- 
BaiOX  XHIIMaHOB  paSBHXHG  IIOJIMM6pII3ail,HH  BHHIIJIKap6a30Jia  (mO“ 
HOMep  c nojiapHHM  aaMecxHxeaeM,  yMGHBniaioiAHii  rtJioxHOCXfc 
BJIGKXpOHOB  y ABOHHOH  CBHSh)  B paCXBOpHXGJIG  aHXpOHHG;  B KaaG“ 
CTBG  KaxaJiHsaxopa  HcnoJib30BaHH  SyxHJiJiaxHH  ii  hgxmpgxxjio- 
PHCXHH  XHXaH  B paSJIHHHMX  COOXHOIHGHHaX.  KaK  BHAHO  H3  pHCyHKa, 
aKXHBHOCxB  KaxajiH3axopa  pacxGx  noaxH  kphxhhgckh  ajih  cooxHomG- 
iiHHB  npGAeJiax  1,5— 3 h yMGHbmaGxca,  KOXAa  cooxhohighhg  yBGJiH- 
HHBaGXCH  BHHIG  .aXHX  3Haa6HHH.  CoOXHOmGHHG  JIHXMH:  XHXBH  < 1 
bgagx  k cxapGHHK)  KaxaJiHsaxopa  bo  BpGMa  noJiHMGpH3an,HH,  Cxa- 
pGHHG  npOHBAHGXCa  B pG3K0M  nOBLHHGHHH  CXGnGHH  npGBpaiAGHHa 
B XGHGHHG  KOpOXKOXP  HpOMGJKyXKa  BpGMGHH,  HO  npOHIGCXBHH  KOXO” 

poro,  cxGHGHb  npGBpamGHHa  nocxoaHHa,  ho  hh>kg  snaaGHna,  nojiy- 
HGHHOrO  A-JIH  APyrHX  cooxhoihghhh. 

H3  pHC.  2 bhaho,  axo  oaeHb  6oJibinHG  CKopocxH  noJiHMGpH3aii;nH 
6brcxpo  yMGHbmaioxcH,  cxpeMacb  k nyaio. 

CxGpGOCHGAH^HaHOCXb  HOJiyaGHHOXO  B 3XHX  yCJIOBHHX  HOJIH- 
BHHHJIKapSaSOJia  H3MGHaGXCa  B SaBHCHMOCXH  ox  COOXHOmGHHfl  m- 
xhh:  xHxaH  h aBJiHGxca  npoAeabHo  bhcokoh  npn  cooxHoniGHHH 

xhh:  xHxaH  = 1,5— 1,7. 

H3  pnc.  3 HBCXByGX,  axo  ajih  cooxHOinGHHa  jihxhh:  XHxan  = 
1^5 — 1,7  cxGpGOcnGAH(J)naHOCXb  coCxaBJiaGx  80%,  ho  mm  noJiyanjiH 
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c 3Toii  KaTajiHTH’iecKOH  CHcieMOH  em;e  6ojiee  BHCoKyio  cxeneHb 
cTepeocnei];H$HTOOCTH. 

KaK  BHflIHO  H3  PHC.  4,  CTepeOCneU^H^HTOaH  aKTHBHOCXB  CH- 
CXeMBI  gyXHJIJIHTHH  + ^eXLipeXXJIOpHCXHH  xiixaH  He  H3MeHHeXCfl 


uacb! 


Phc.  1,  KHueTiiKa  nojuiMepiisai^Hir  BiinHJiKapoaaojia  b.  paciBopc  n 
. JiHrpOHHe  npii  paBJiH^mbix  cooTnomeHiiHx  jiiiTHJa  : TiiTan  h xeMne- 
paxype  30'".  KoH^e^^Tpa^Hfl  MonoMepa  0,155  MOjihU;  MOJinpuoe 
cooTHOmeHHe  TiCl4:  MOtiOMep  ==.  0,098. 

• — jiHTHfi;  THTan  — 0,75;  x — jiiiTHii:  ththh  = 1,5;  q — jiiithS  : niTan  = 3; 

A — JlHTHit  : THTan  = 6. 

cymecTBeHHO  b saBucHMOCTH  ot  BpeivteHH  npn  nojiHMepHsai^HH 
BHHHJiKap6a30Jia.  9tot  (JiaKT  ABJiaeTca  secbMa  HHTepecHHM,  ecnn 
ynecTB,  HTO  TOJibKo  BHaTOJiG  iipoi^ecca  HaSjno^aeTCH  6ojiee  pesKoe 
HSMeEGHHe  aKTHBHOCTH.  • 

C TOEKH  SpeHHH  KHEGTHKH,  HHTepeCHO  OTMeTHTb,  ETO  Ha  HOJIH- 

MepHsaijHro  BHHHJiKapSaaojia  c KarajiHaaTopaMH  rana  6yTHJuiH- 
THH  H HexHpexxnopncToro  XHTana  BJiHHex  speMH  noflann  MOHOMepa 
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B peaKii^HOHHoe  npocTpancTBo  hba  KaTajiHra^ecKHM  KonnjieKcbM 
(pHC.  5).  riocjie  Ao6aBJieHHH  MonoMepa  CTenenB  npeBpain,eHHH  npH- 
obpeTaex  nocTOHHHOe  SHaneHHe. 


..7Z. 


2.56 


0 I 2 

BpeMB,  ^acbf 


PhC.  2.  SaSHCHMOCTB  CKOpOCTH  peaKAHH  OT  BpeMGHH  BpH  nojiHMepHsa- 
r;nH  BHHHJiKapSaaojia  b npHcyxcTBHH  SyTHJiJiHTim  n TiCU  b pacTBO- 
pe  B jiHrpOHHe  npii  30°.  KoimeiiTpaAHfl  MOaOMepa  0,155  MOAh//i; 
MOjiapHoe  cooTHomeHiie  TiCl^  : MOHOMep  = 0,098, 

• — JiHTHft  : THxaH  = 0,75;  H Jinraii  : raxaH  = 1,5  ; O — miTnit  : xHTan  = 3; 

A — jiHTHii  : THTau  = 6. 

3to  HBJieHHe,  no  nameMy  Mnennio  — cjieACTBiie  Toro,  nxo  moho- 
Mep  BHHHJiKapSaaojia  mojkot  pearnpOBaTb  c oahhm  h3  cocxaBJinio- 
ni;Hx  KaxajiHsaTopa,  nanpnMep,  c nexLipexxjiopHCTLiM  xHTanoM  hjih 
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c SyrTHJiJiHTiieM,  nepe;3;  o6paj30BaHHeM  KaTaJiHTH^ecKoro  KOMnjieK- 
c^vv.C|  KOTopHM  MOHOMep  pearapoBaji  6i>i  c 6ojibinoH  ci^QpocTbio. 
B axoM  cjiy^ae,  KpOMe  onpe^^ejieHHOH,  ochobhoh  peaKp,E[H  mohomb- 
pa  c KaxaJiHTHHecKHM  komajibkcom  Moryx  npoHCXOAHTb  h npocxan 
Kap6oKaxHOHHaH  peaKH,Hfl  MOHOMepa  c nexbipexxjiopHCXbTM  xHxa- 
HOM  (ycxaHOBfleHHaH  HaMH  npn  nojiHMepHsapHH  BHHHJiKapSaaojia 


Phc.  3r|CTepeocneii;H$HqHafl  aK- 
THBHOCTb  KaraJiHsaTOpa  GyxHJi- 
JIHTHH  + qeTBIpeXXJlOpHCTbrH:  TH- 

xan  npH  nojiHMepH3ai;HH  bhhhji- 
Kap6a30Jia  b pacxBOpe  b jiHrpon- 
He  npH  30°. 

KOHHeHTparmH  MonoMepa  0,155  MO/iblji; 
MOJiHpHoe  cooTHomeHiieTiCl4  : MOHOMep= 
—0,098.  npo AO jiJKBTeJibHo CTh  no jiHMepn  * 
[aanmi  30  mhh. 


BpeMB,  ^acb! 


Phc.  4.  HBMeneHHe  aojih  usoTaKTHHe- 

CKOM  ^paKaHH  B SaBHCHMOCTH  OT 
npOAOJI5KIITeJIbHOCTH  peaKAHH  npHHO- 
jiHMepH3an;HH  BHHiiJiKapOasojia  c OyxHJi- 
jiHxneM  + TiCl4  b pacxBope  b Jinr- 
poHHe  npH  30°. 

KoHAeHTpaipin  MOnoMcpa  0,155  MOAbfA;  mo- 
jiapnoe  cooTHomenHe  TiCU  : mohomcp  — 
—0,098:  • — JiHTHft  : THTan  = 0,75;  x 
jiHTHtt  : THTan  = 1,5;  o — jihthh  : THTaH=  3 


TOJibKo  c HexbipexxjiopHCXbiM  xHxaHOM)  H Kap6oaHHOHHaH  peaK- 
jvioHOMepa  c 6yxHJiJiHXHeM  (ycxaHOBJieHHaH  HaMH  npn  nojiHMe-- 
pH3ai];HH  BHHHJiKap6a30Jia  xoJibKO  c 6yxH jijihxhgm)  . 9xo  noKasbi- 
Baex,  Hxo  aKXHBHbiH  KaxaJiHsaxop  MrHOBeHHO  He  oGpaayexca. 

KaK  MO^HO  6biJioo>KHAaxb,BJiHflHHe6oJibmeroo6x>eMa  MOJieKyjibi 
MOHOMepa  ao^^ho  6hao  6bi  npHBecxH  k npocxpaHCXBeHHLiM  npennx- 
CXBHHM,  KOXOpbie  BJIHHJIH  6bl  C OAHOH  CXOpOHbl  HB  CKOpOCXb  H CXenCHb 

HpeBpameHHH,  .a  c A,pyi'r>H  na  bosmotkhocxb  KpiicxajiJiHsaniHH, 
CJiCAOBaxejibHO,  npH  nojiKMepHsan^HH  BHHHJiKapSaaoJia  He 
6hjih  6m  noJiynaxbCH  c 6oJibmHM  bwxoaom  cxepeoperyjinpHMe 
HOJiHMepM  npH  BMcoKOH  cxeneHH  npeBpameHHfl,  kbk  yKaaaji  Haxxa 
AJifl  cjiynan  apoMaxHHecKHX  bhhhjiobmx  MOHOMepoB  [1,  2]. 

H3  HaniHX  KHHexHHecKHX  HCCJieAOBaHHH  cjie^yex,  hto  b cjiynae 

BHilHJIOBblX  MOHOMepOB  C rexepOn;HKJIHHeCKHMH  SaMeCXHXeJIHMH 
6ojibraoro  oexieMa  npocxpaHcxBeHHMe  (|)aKxopM  ne  hpohbjihjihcb 
xaKHM  .oSpasoM,  hxo6m  CKopocxH  peaK^HH  He  6MjiH  cpbbhhmmmh 
CO  CKOpOCXHMH,  OXMeHeHHbIMH  AJIH  BHHHJIOBMX  aJIH(|)aXHHeCKHX 
MOHOMepoB.  C ^n;pyroH  cxopoHM,  $aKx  noji^^HeHHH  nojiHBHHHjiKap- 
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^Sasojia  CO  CTepeoperyjiHpHocxbio  6oJiBnie  80%,  a TaK>Ke  oxHeiJiH- 
Boe  KpHCxajiJiHHecKoe  cxpoenHe,  ycxanoBJieHHoe  peHxrenocxpyKxyp- 
HtiM  anajiHaoM,  yKaatiBaiox  na  oxcyxcxBiie  npocxpaHCXBGHHLix  npe- 
HHXCXBHH.  OxCyXCXBHG  HpOCXpaHCXBeHHHX  npeHflXCXBHH  JtOKaaaHO 
H nojiyneHHeM  nojiHBHHHJiKapSaaoJia  c oxqexjiHBoii  c(J)epojiHxoBOH 
cxpyKxypoH,  hxo  Sbtjio  o6Hapy5KeHo  onxH^ecKHM  HCCJieflOBaHneM 
B n0JIHpH30BaHH0M  CBeXC, 

nojiyneHne  b npoi^ecce  nojiHMepH3au,iiH  BHHHJii^ap6a30Jia  (mo- 
HOMepa  c noJiapHLiM  saMecxHxeJieM,  npHBJiekaionilHM  ajieKxpoHLi,  — 
axo  yMeHBmaex  njioxnocxb  ajieKxpOHOB  y abohhoh  cbhsii)  Soaee 


Phc.  5.  Bjiiiamie  BpeMeHii  iiOAaHu 
MOHOMepa  B’  peaKi^iiOHHoe  npocTpancx- 
BO  HaA  KaxaJiHTnaecKOH  cmgcbio  6y- 
XHJIJIHXHH  + TiCli  Ha  cxeneHfc  npes- 
pain,eHHfl  npH  iiojiHMepnaaAHii  bhhhji- 
Kap6a30Jia  b pacxBOpe  b jinrpOHHe 
npii  30®. 

KoHAeHTpaAna  MOHOMepa  0,11  MJOAtlA;  mo- 
jiHpHoe  cooTHOmeHiie  TiCU  : mohomcp  — 
= 0,098.  O — jiHTHtt  : THTan  = 1,5. 


^GM  90%-HOH  CXGHGHH  npGBpamGHHH  AOKaaHBaGX,  axo  B MGXaHH3MG 
npOD^GCCa  nOJIHMGpH3ai],HH  BHHHJIKap6a30Jia  SyXHJIJIHXHGM  M 
aGXHpGXXJIOpnCXHM  XHXanOM  HG  BOSHHKaiOX  3(|)(|)GKXM,  yCXanOBJIGH- 
HMG  B CJiyaaG  nOJIHMGpH3ai];Hn  BHHHJiapOMaXHHGCKHX  COGAHHGHHH 
C HyKJIGO(|)HJIbHHMH  BaMGCXHXGJlHMH. 

9x0  noKasHBaex,  axo  npn  HcnoJitaoBamm  irpn  nojiHMGpH3au,HH 
BHHHJIKap6a30Jia  6yXHJIJIHXHGM  H HGXbipGXXJIOpnCXLIM  XHXanOM 
B KaaGCXBG  noJiapHoro  pacxBopnxGJia  BHHiiJian;Gxaxa  axox  pacxBO- 

pHXGJIb  HG  BJIHHGX  Ha  CXGpGOCnGH;H(|)HHHOCXb  npOAGCCa.  ^aHHblH 

4>aKx  ycxanoBJiGH  naMii  h npn  hphmghghhh  b kbhgcxbg  Kaxajinaa- 
xopa  CHCXGMbl  AK3XHJIXJIOp-aJIK)MHHHH  + HGXbipGXXJIOpHCXHH  XH- 
TaH,  a b KaHGCXBG  pacxBopHXGJia  — BHHHJiaAGxaxa  [3]. 

KaK  noKaaaJi  ymanoB  [4j  5],  BHHHJiamGxax  h BHHHJiKapSasoji 
o6pa3yiox  cohojihmgp  npn  paflUKaJibHOM  HHHii;HHpoBaHHH.  B 3xom 
cJiyaaG  KOHCxanxbi  conojiHMGpH3aii,HH  cjiGAyloiAHG:  n — 0,126; 
r2  = 2,680;  rir2  = 0,338  npn  65°. 

Hamn  oHbixH  conoJiHMGpHsaAHH  BHHHJiaAGxaxa  c BHHHJiKap6a- 
<30JI0M,  npOBGAGHHLIG  B HpHCyXCXBHH  SyXHJIJIHXHH  H HGXHpGXXJIO- 

pncxoro  XHxana  npn  65°,  a^hcg  b xgx  cjiyaaax,  b Koxoptix,  no 
MHGHHK)  VinaKOBa,  HyMKHo  6brjio  6bi  nojiynnxb  cohojihmgp  c bm- 
COKHM  npOAGHXHHM  COAepjKaHHGM  BHHHJiai];GXaxa,  — HG  npHBGJIIl 
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T a 6 If  DT  a j 


Cono^HMepHdauHfi  B£iHfiJiKap6a30Jia  (M2)  co  CJiOKHbiMif 
BHHHaoBbiMM  3(})HpaMH  (Mi)  B npHcyTCTBHM  0,5  % nepeKHCHH 
6eH30HJia  [4] 


CiicTCMa 

Mojiapnoe 

CGOTHome- 

XeMnepa- 
Typa  nojiH- 

Buxon  CO- 

CocTaB  conojiH- 
Mepa,  MOji.  % 

Hue 

MVM®2 

MepH3a- 

IfHH, 

nojiiiMcpa, 

% 

Ml 

1 ^ 

mI 

BfiHHJiaAeTaT  + 

10  • 

65 

■0,96 

63 

37 

+ BHHHJIKapoa- 

8 

100 

4.17 

62,3 

37,7 

30A 

K nojiyqeHMK)  conojiiiMepa,  Mw  nojiyHHJiii  bo  Bcex  cjiynaax  tojibko 
HBOXaKTHaeCKHH  nOJIHBHHHJIKapSaaOJI. 

Ha  noJiyaeHHMx  HaMH  peayjibxaTOB  npn  noJiHMepH3aD;Hn  bh- 
HHJiKap6a30Jia  6yTiiJij[HXHeM  h aexiipexxjiopHCXHM  xnxaHOM  b 
pacxBope  b BHHHJiaD.eTaTe  CJieAyex,  axo  MexannaM  peaKn;HH  ne  hb- 
JiHexcH'paAHKajiBHtiM,  xaK  nan  npn  AoSaBjienHH  b axnx  ycjiOBHax 
neKOToporo  KOJiuaecxBa  nepeKHcnoro  HHHn;Haxopa  mm  nojiyaHJiii 
6m  conoJiHMep,  onHcaHHbiH  yinaKOBMM, 

C xoaKH  apeHHH  npnpoflH  KaTajiHaaxopa,  BepoaxHH  Boa- 
mohchocxh: 

1.  KaxaJiHaaxop  HBJiaexcK  CTexnoMexpmecKHM  coeflHHeHneM, 
.o6pa30BaBinHMca  npn  onpeAOJieHHMX  cooTHomeHHHX  6yTHJijm- 
THH  : aexbipexxjiopHcxHH  xiixan.  Bbicmyio  cTepeocneii;H$HaHOcxb 
Kaxajinaaxopa  onpe^ejieHHoro  cooxHonienHa  mobkho  oSbac- 
HHXB  npacyxcxBHeM  b peaKii;HOHHOH  cpeAe  MaKCHMajibnoro  kojih-. 
aecTBa  axoro  KOMnaeKca.  HnaKyjo  cxepeocneu;H(J)iiaHocxb,  nojiy- 
aennyio  Apyrnx  cooxHomeHim,  KpoMe  onxHMajibHoro,  mojkho 
6mjio  6m  o6x>acHH;xb  xom,  axo  KpoMe  ochobhoxo  BaaHMOAOHcxBna 
cy^ecxByiox  h napaJUiejibHbie,  npocxbie  Kap6oKaxHOHHbie  BaaiiMO- 
AeiicxBHa,  npoiicxoAamiie  iipa  H36MXKe  aexMpexxjiopncxoro  xh- 
xana  hjih  Kap6oaHHOHHMe  BaaHMOAencxBHa,  npoHCxoAaiAne  npH 
H36bixKe  6yxHJiJiiixHa  h BeAymne  k o6pa30BaHHio  HeKpHcxajuinae- 
CKHX  nOJIHMepOB. 

2.  Bxopaa  bosmojkhocxb  cocxohx  b o6pa30BaHHH  KaxajiHxnae- 
CKoro  KOMnaeKca,  KaxajiHxnaecKHe  CBOHCXBa,  KimexHaecKae  xa- 
paKxepHcxHKH  H cxepeocneii;H$HaHocxL  Koxoporo  aaBiicax  ox  ero 
cocxasa.  9xo  KajKexca  hbm  cnpaBOAJiHBMM,  xaK  Kan  nepBaa  rnno- 
xeaa  ne  o6x>acHaex  ochobhofo  $aKxa,  a HMenno  xoro,  axo  b cayaae 
noaHAiepiiaaAHH  npii  cooxHomeaHH  jihxhh  : xaxan  6oabine  onxn- 
MajibHoro,  npn  nocxoannoM  cooxHomennii  xaxan  : MOHOMep  : pacxBO- 
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T a 6 J3  a 2. 


ConojiHMepBsaqiifl  BUHiijiKapoaaojia  c BUHUJia4eTaTOM  (KOHueHTpauiia  'jexMpexxaopHeToro  THTaaa  0,019  Mojihjji) 


MOHOMep 

1 i 

S s ^ 

ft  O 

H a ^ 

W o 
<u  s o 

w® 

Wk  . 

W t=r  ft< 

o w 

s 

s 

A 

R 

ft^ 

O 

a 

Eh 

o 

CS 

fii 

B 5 
<0  B S 

O g K 

w B H ■ 

tt  B« 

^=5  S K 

SoS 

S o p; 

Sp 
p . 

a s 
ft<a 

2^ 

G a 

<U  4) 

H ft. 

ns 

Shs 

§il 

o S » 

kIIs 

. i 

G 

a>  ft. 

C3  « “ 

4)  (33  K 

ft.a 
O C B 

‘I 

o 

GvP 

Oo^ 

O ^ 

cB 

■H  « 
o S 
o K 

O R 

4 03 

• 

ftG 

53 

O G 

£ ft- 

5 fr.  ft 

rO 

T’ 

as  tC 

B H 
cr  a 

O § 

H R 

M* 

BnHHJiKap6a30Ji 
BHHujiai^eTaT  . . 

0,20' 

2 

10 

6eH30Ji 

6 

64 

4 

90 

100 

0 

100 

0 

100 

0 

KpHCTajlJlII- 
necKiifi  73% 

320 

2,25 

BHHHJiKap6a30Ji 
BHHHJiai^eTaT  . . 

0,31 

2 

7 . 

6eH30ji 

3 ^ 

64 

4 

94 

KpIICTajIJIH- 
qecKHH  52% 

> 320 

He  pacTBo- 
paeTCfl 

BHHHJiKapSasoji 
BHHHJiaaexaT  . . 

0,30 

2 

7 

6eH30Ji 

1,5 

64 

4 

93 

KpHCTa.^Jm- 

Heci^HH  50% 

>320 

He  pacTBo- 
paeTca 

BHHHKap6a30Ji 
BHHHJiaD;eTaT  . . 

0,2 

10,6 

53 

BIIHHJia- 

i^exai 

1,5 

25 

2 

85 

• 100 

0 

KpiICTaJIJIH- 

^ecKiiH  93% 

320 

ne  pacTBO' 
paeTCH 

BHHHJiKap6a30Ji 
BHHHJiai^eTaT  . . 

0,2 

10,6 

53 

BiiHiiJia- 

iiexaT 

0,75 

25 

2 

93 

100 

0 

KpHCTaJIJIH- 

^ecKHii  93% 

>320 

He  pacTBo- 
paeTca 

^ KpHCTajiJiHMecKaa  CTpyiiTypa  OtiJia  ycTanoBJicHa  peHTrenocTpyKTypHtiM  aHajinaoM,  a c^epojiHTOBaH  CTpyitxypa  Stijia  onpeflCJieHa  HccjieAOua- 
HHCM  B nojiflpHaaaaoHHOM  MHKpocKone.  IIpn  $paKaHOHHpOBaHiiH  c HeTupexxjiopHCThiM  yrJiepoflOM  npa  BjaneHHii  h aa  xojiofly  Gujih  nojiy^CHLi 
TpH  $paKmiH. 

* TcMnepaxypa  njiaBJicHim  6Mjia  onpenejicaa  onTiiqecKHM  MCxonoM,  OTcyxcTBHe  apHCTajiainnocTii  — b nojie  nojiapHaaatioHHoro  mhkpocko- 
na  npH  HarpeBannH  co  ckopoctbio  1—2®  C/mhh. 

• XapaKTepncTHHecKaa  BHSKOCTb  Oujia.  nsMepena  b ^eTtipexxjiopHCTOM  yrjiepoAe  npa  70±02®  (la/lOO  ma), 
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■pHTejiB,  CKopocTB  nojiHMepH3aD;HH  AO^JKHa  6i>ijia  6bi  pacra  hjih 
HH  B KOGM  cjiy^e  He  yMeHBinaTBCH  c yeejiHHeHHeM  cooxHoraeHHH 
JIHTHH  : THiaH. 

B 3TOM  cjiynae  oSn^an  CKopocTB  peaKi];HH  AOJiJKna  6htb  paa- 
HOH  cyMMe  flByx  CKopocTen,  a HMenno,  CKopocTH,  o6ycJiOB;iieH- 
HOH  6yTHJiJiHTHeM,' npHcyTCTByiomHM  B HaStiTKe.  Bxoro  : (J)aKTa  He 
Ha6jiK);i;aJiocb,  KaK  HOKasBiBaeT  pnc.  1. 

Mh  ycxaHOBHJiH,  hto  b cjiynae  6oJiBmHx  CTepeocneniH{|)HHno- 
cxeii  H CKOpOCTH  peaKH;HH  HBJIHIOTCH  6oJIBniHMH. 

KaK  KHHeTHHecKaa  aKXHBHOCTB,  xaK  H noBeAeHHe  MOHOMepa 
B npoi];ecce  noJiHMepH3aii;HH  h conoJiHMepH3ai];HH  b hojihphhx  h 
HenojiHpHHX  pacxBopHxejiHX  noKaaHBaiox,  hxo  MexannsM  axoro 
■npGi];ecca  nojiHMepH3aii,HH  eme  He  BHOJine^BBiHCHeH,  xoxh  6ojibnioe 

- HHCJIO  KHHeXHHeCKHX  J^aHHLIX  HBJIHexCH  OCHOBOH  ^Jlfl  npeAHOJIO- 
■JKeHHH, ' HXO  CaMHM  nOAXOAHH^HM  oSXiHCHeHHH  HOJiyHeHHHX 

peayjibxaxoB  npn  noJiHMepH3aii;HH  b HenoJiHpHbix  pacxBopHxejiax, 
iHBJiaexCH ' aHHOHHHH  KOOpAHHaAHOHHblH  MeXaHH3M,  npeAJIOHCeH- 

HbiH  Haxx'a. 

JlHTepaxypa 

1.  G.  N a t t a,  F.  D a n u s s o,  D.  S i a n e*s  i,  Markomolek.  Chem., 
. 28,.  253,  1958. 

-2.  G.  N a t t a,  F.  D a n u s s o,  D.  S i a n e s i,  Makromolek.  Chem., 
. 30,.  238,  1959. 

-3.  O.  F.  Solomon,  M.  D i m o n i e,  Gerere  de  patent  RPR, 
11.  XII.  59. 

4.  C.  H.  y m a K 0 B,  A.  cp.  H h k o Ji  a e b,  Hsb.  AH  CCCP,  Ota-  xhm. 
H.,  1956,  83. 

-5.  C.  H.  y m a K o b,  A . O.  H h k o ji  a e b,  Hbb.  AH  CCCP,  Ota.  xhm. 
H.,  1956,  226.  ‘ 


Symmary 

The  polymerization  of  large  ring  vinyl  compounds  is  of  consi- 
-derable  interest  in  the  interpretation  of  the  mechanism  of  action 
‘Of  complex  organometallic  catalysts. 

Numerous  vinyl  compounds  have  been  investigated  up  to  now 
..but  no  study  has  been  made  of  compounds  containing  large  rings. 

Studies  on  the  isotactic  polymerization  of  vinylcarbazol  have 
brought  to  light  very  important  facts  permitting  of  a number  of 
inferences  as  to  the  mechanism  of  isotactic  polymerization. 

Despite  the  large  molecular  volume  of  vinylcarbazol  and  the 
rsteric  hinderances  that  should  be  expected  due  to  this  a 
istudy  of  the  polymerization  kinetics  has  revealed  reaction  rates 
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similar  to  tliose  observed  in  the  polymerization  of  other  mono- 
mers. 

The  study  of  the  polymerization  of  vihylcarbazol  and  of  other 
monomers  showed  that  the  butyllithium  -|-  titanium  chloride 
catalyst  belongs  to  the  organometallic  complex  type  that  act 
.either  by  a stepwise  or  ionic  mechanism. 

• The  specific  features  of  complex  organometallic  catalysts  in 
the  polymerization  of  vinylcarbazol  are  evidently  associated 
with  preliminary  activation  of  the  active  centers  during  which 
;activation  of  the  mortoiner  also  takes  place. 

The  formation  of  polymers  with  an  isotactic  microstructure 
is  due  to  one  of  the  possible  mechanisms  of  the  catalysis,  namely, 
•to  non-stepwise-  action. 

In  the  polymerization  of  vinylcarbazol'  in  the  presence  of 
•organolithium  compounds  and  titanium  tetrachloride  the  micro- 
structure of  the  resultant  polymer  and  the  rate  of  polymerization 
•depend  upon  the  formation  of  other  than  primary  complex  com- 
pounds. 

The  microstructure  of  isotactic  polyvinylcarbazol  has  a par- 
ticular shape  of  spherulites,  depending  upon  the  nature  of  the 
■catalyst.  ' . 


Resume 

La  polymerisation  des  vinyles  a grands  cycles  pre.sente  uii 
;grand  interet  a I’occasion  de  I’explication  du  mecanisme  d’action 
•des*  catalyseurs  organometalliques  complexes. 

Parmi  de  nombreux  composes  vinyliques  etudies  jusqu’a 
present  du  point  de  vue  cinetique  les  composes  a grands  cycles 
ai’ont  pas  ete  encore  examines. 

L’ etude  de  la  cinetique  de  polymerisation  isotactique  de 
Tinylcarbasol  ont  revele  des  faits  particulierement  interessailts 
•qui  ont  permis  de  faire  quelques  conclusions  a propos  le  meca- 
nisme isotactique  de  polymerisation.  Malgre  que  le  vinylcarba- 
■sol  ait  un  grand  volume  moleculaire  et  il  faille  s’attendre  a 
rexistance  des  encombrements  au  cours  de  sa  polymerisation 
Tetude  de  la  cinetique  de  polymerisation  a montre  de  telles  vi- 
iesses  de  reaction  qui  sont  observees  a la  polymerisation  d^autres 
monomeres. 

En  se  basant  sur  E etude  de  polymerisation  de  vinylcarbazol 
^t  d’autres  monomeres  on  a montre  que  le  catalyseur,  butyl- 
lithium  — tetrachlorure  de  titane,  serapporte  a la  classe  de  cata- 
lyseurs du  type  des  complexes  organometalliques  qui  peuvent 
agir  soit  selon  le  type  du  mecanisme  graduel  soit  selon  le  type  des 
ions. 
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Des  proprietes  particulieres  des  catalyseurs  organometallw 
ques  complexes  a la  polymerisation  de  vinylcarbazol  sont  evidem- 
ment  liees  a une  activation  preliminaire  des  centres  actifs  au 
cours  de  laquelle  se  produise  aussi  I’activation  de  monomere. 

La  formation  des  polymeres  ayant  une  microstructure  isotac- 
tique  est  conditionnee  par  une  des  possibilites  d ’action  du  cata- 
lyseur,  a savoir,  par  le  caractere  non-graduel  d ’action. 

Si  polymeriser  le  vinylcarbazol  avec  des  organo-lithiens  et 
le  tetrachlorure  de  titane  la.  microstructure  du  polymere  obtenu. 
et  la  vifesse  de  reaction  de  polymerisation  dependent  aussi  de  la 
formation  de  plusieurs  autres  composes  complexes  outre  les  pri- 
maires. 

La  microstructure  du  polyvinylcarbazol  isotactique  a une 
forme  specifique  des  spherolithes  suivant  la  nature  de  catalyseur. 
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0 nOJiyHEHHH  HOBLiX  THIIOB  jihhemhwX 
nOJIHMEPOB 

PEAKI];HEfl  nOJIHPEKOMBB[HAD;iIH 

:b.  B.  Boptuau,  C.  .71.  Co  cun,  B.  II.  A.^  euceee  a 

(CCCP) 


B npGALi^yiij;iix  iiccjieflOBaiinflx  no  naynGHino  peaKD,iiH  nojin- 
peKOMOHHan;!!!!  6i)iJio  noKaaano  [1,  2],  hto  npn  o6pa5oTKe  nepeKii- 
‘CHMH  xaKHX  coe;3;HHeiimi,  Kan  /i-AimaonponnJiSeHsoJi,  ^nnaonpo- 
nHJi(J)eppon.eH,  /z-AHXJiopSensoji,  n-KciiJiiijieHOTXJiopnA  n i^njxix 
■Apyriix,  o6pa3yiOTCH  jiiiHeHHHG  nojiiiMGpH,  H Hapnjiiy  c hhmh  nojiy- 
'naiOTCH  B 3HaniiTejibHOM  KOJinnecTse,  oco6eHno  b cjiynae  Tz-^imso- 
iiponujiSoHaojia,  noJiiiMGpLi  co  cieihtoh  xpoxHopnon  cxpyKxypoii. 
B ^aJibHGHniHX  HCCJiG^OBaiinn  mlt  nsynnjiH  noBG^GHHG  b pcaK- 
auin  noJiHpGKOM6nHan;HH  xaniix  coeAHHeHiiii,  nan  AH^ennjiMGxaH 
J1  HGKoxopBiG  ero  npoHSBOAHtiG,  MGXHJIOBHH  a(|)np  ^GHHJiyKCyCHOii 
nnCJIOXH,  66H3HJl6GH30ax,  H3  KOXOpHX  paHGG  npn  o6pa6oTKG  HGpG- 
KHCHMH  6BIJIH  nOJiynGHBI  XOJIBKO  flHMGpBI  [3,  10].  IIpH  o6pa6oXKG 
3XHX  coGAHHGHHH  H pfl^a  ^.pymx  nepGKHCLK)  xpGx.  SyxHJia  no  onii- 
-caHHoii  naMH  MGXOAHKG  [2]  npn  cooxHonrennH  1,  2 n Sojigg  mojigh 
.iiGpeKHCH  na  mojib  hcxoahoxo  coGAnnenpin  npn  200°  naMH  6btjiii 
XIOJiynGHBI  JIIIHGHHBIG  nOJIHMepBI,  6e3  CKOJIBKO-HIlSy^B  3aMeXlIBIX 
KOJinnGCXB  xpexMGpHHx  cxpyKxyp.  Tan,  h3  AH^ennjiMGxana  noJiy- 
nGH  JIHHeMHMH  HOJIHMGp  B BH^G  >KGJIXOBaXOro  HOpOBIKa  C T.  HJl . 
205  220°,  pacxBopiiMBiH  b Sena o jig.  MojiGKyjinpHBin  bgc  axoro 

nojiHMGpa  H3MGnnGxcH  B npG^eJiax  10000— 900000,  b aaBHCiraocxn 
ox  MOJiHpHoro  cooxHoniGHnH  nGpGKncB  yrjiGBo^opoji|.  SaBncHMocxB 
MOJiGKyjinpnoro  BGca  axoro  noJiHMGpa  ox  bh3Kocxh  xoponio  BBipa- 
'>KaGXcn  (J)opMyjiOH 

[7^]  2,18.10-'3MO’328 

OSpasoBanne  iiojiHMepa  mo^kgx  6btxb  npGACxaBJieno  cjiG^yio- 
ipGH  cxGMon: 


(C6H5)2  CHs  + IV  ^ RH  + (GcH5)2  CH; 

2 (G6H5)2  dli  HG  (GeHB)2  G (C6H5)2  H ^ HG  (CcH5)2  C (G6H5)2  ^ 

HG(G6H5)2C  (GbH5)2  — G (GgH5)2—  . . G (Cfi  Hg)2  H , (1) 
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r^e  R*  — Tpex.  SyxoKCHJibHHe  h MexHJiLHHe  pagnKaJiH,  oGpaayio- 
n^necfl  npn  pacna^e  nepeKHCH  [7,  8]; 

(GH8)8  C00G(GH3)3-^  2(GH8)3C0*-^  (CH8)8C0*  + CHa  + (GH3)2  GO. 

TaKHM  o6pa30M,  3tot  nojiHMep  MOJKex  paccMaxpnBaxbCH,  KaK. 
noJiHAH^eHHJiMexHJien  (I),  panee  HensBecxHHH,  xaK  KaK  ero  ne  yAa- 
BaJiocB  noJiyHHXb  nanpHMep  h3  xexpa^eHHJiaxHJiena  b onncaHHux: 
panee  mhfkhx  ycJiOBnax  nojiHMepH3aii;HH  [4]. 

Ho  anajiorHH  c reKca^emiJiaxanoM  h bhciiiiimh  noJiHOCXbio  apn- 
jiHpoBaHHHMH  napa(|)HHaMH  [5]  mojkho  6hjio  ojKHAaxb,  axo  iiojiH- 
Mep  npuBeAGHHoro  cxpoenna  6yAex  HeycxonaHBHM  h ckjiohhhm 
k caMonpoH3BOJibHOH  AHCcon,Hau;HH.  B AeacxBHxeJiBHOCxii  axox  no- 
jiHMep  He  oGnapyjKHBaex  npH3HaKOB  pacnaAa  na  CBo6oAHHe  paAH- 
KaJiM  B npncyxcxBHH  AH^eHHJinnKpnjirnApasHHa,  a xaK>Ke  npoaB- 
Jiaex  3HaaHxeJibHyK)  ycxoHHHBOCXb  k AancxBHio  xaKnx  oKncjinxe- 
jieH,  KaK  asoxHaa  Kiicjioxa  h xpoMOBaa  CMecL.  Bnojine  sepoaxHo,. 
axo  ycxoHHHBocxb  nojiHMepa  naxoAnxca  b cbhbh  c xeM  (J)aKX0M, 
axo  nepBHH  npoAyKx  peaKAnii  noanpeKOMSHHaAnn  (AHMep)  xexpa- 
(j)eHHJi3xaH  aBJiaexca,.  b oxjinane  ox  reKca^emiJiaxana,  Bnojine  yc- 
TonaHBbiM  coeAHHeHHeM  [5].  ^HCcoAHaAHa  xexpa(|)eHHJi3xaHa  ii  ero* 
BLicoKOMOJieKyjiapHWx  anaJioroB  ne  cxHMyjinpyexca  o6pa30BaHHeM 
yCXOHHHBHX  XpH^eHHJIMeXHabHHX  paAHKaJIOB , KaK  3X0  HMeeX  Me- 
cxo  B cayaae  reKca(J)eHHJi3xaHa  n bhcihhx  hojihocxbk)  apnanpoBan- 
HHX  aaKanoB.  Jl^pyroe  o6x>aCHeHHe  ycxonanBOCxii  noaniviepa  cbh- 
3aHo:  a)  c Aonym^enneM  neperpynnnpoBKH  6eH3oaLHHX  Koaen;  ana- 
aornanoH  neperpynnnpoBKe  FoiviSepra  Jll]  b npoAecce  peaKAnn,. 
axo  npHBOAHT  k cxpyKxype  noaH“a,a,a-xpH$eHnaKCHaHaeHa 
(II),  ycxonaHBOCXb  Koxopon  o6ycaoBaeHa  -HaananeM  ^ennaeno- 
BHX  rpynn,  CBaaaHHHX  b ochobhoh  aghh  b noaoaceHHH  1,4;  6)  c ao- 
nyni,eHHeM  neperpynnnpoBKH,  anaaornaHOH  naSaioAaBnieHca  L(Hr-* 
aepoM  AJia  l,2-AHMexHaxexpa(|)eHHa3xaHa  [12].  B npnaojKeHHH 
K HameMy  cayaaio  3xa  cxeMa  Moraa  6h  npHBecxH  k o6pa30BaHHK)* 
HecHMMexpnaHoro  AH^^eiiHaaxnaeHa  n nocaeAyioiAen  ero  noanMe- 
pH3aAHH  c o6pa30BaHHeM  noaHAH(|)eHHa3XHaeHa  (III). 

CocxaB  oaeMeHxapHoro  asena  b cxpyKxypax  T h II  oAHHaKOB 
• ICisHio  (%C  93,93;  % H 6,07)];  b cxpyKxype  III  cocxaB  BBena 
Ci4Hi2  (%  C 93,28;  % 6,72).  OaKxnaecKn  nanAeno  %:  C 93,11; 
H 6,96.  IlpoAyKXbi'  oKHcaemia  cxpyKxyp  I h III  Aoa>KHH  Shxb  oah- 
HaKOBH.  ^aa  pemenna  Bonpoca  o xom,  KaKoe  cxpoenne  caeAyex 
npHHHcaxb  noayaeHHOMy  noannepy,  cpaBHHBaan  HK-cneKxpH, 
noaMMepoB,  noayaeHHHX  b xex  >Ke  ycaoBHax  h3  paaanaHHx  hcxoa- 
HHx  coeAHHeHHH,  a HMenno  h3  AK^ennaMexana,  xexpa^eHnaaxaHa,. 
xexpa(J)eHHa3XHaeHa  h l,l-AH$eHHa3xiiaeHa,  IIpH  xaKOM  conocxaB- 
aeHHH  cpasy  jKe  oxnaaa  cxpyKxypa  II,  xaK  KaK  b HK-cneKxpe  no- 
aHAH^GHHaMexHaena  oxcyxcxByex  MaKCHMyM  noraoiAenna  b o6- 
aacxH  833—840  c.^^" \ xapaKxepHMH  a-Jih  6eH3oabHoro  KoabAa,  aa- 
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MemeHHoro  b nojiojKemm  1,4,  C J^py^0H  cTopoHti  HK-cneKTptr 
nojiiiMepoB,  noJiyneHHHX  h3  AH<i>eHHJiMeTaHa  h TeTpa^eHHJiaxaHa, 
HMeioT  coBna^aiomHe  MaKCHMyMLi  norjiomeHUH  b oQjiacxH  701  cm~^^ 
II  747  CM~^,  xapaKxepHHe  fljiH  MOH03aMern;eHHoro  6eH30Jia  [6], 
HO  lie  HMeiox  MaKCHMyMa  b o6jiacxH  760  gxhgxjihbo  npoHB- 

jiHK)ii;erocH  b cneKxpe  nojiHMepa  h3  l,l“Ai#eHHji3XHJieHa.  9xox- 

■ . 1 

MaKCHMyM  xapaKxepeii  ^jih  KOH(|)Hrypari,iiii  CgHs — C— CH2 — 

1. 

B'KJiH)HaK)iiJ,eH  MexHJieHOByio  rpynny  h BCxpenaiomeHCH  b noJiHMe- 
pax  H3  Aii6eH3HJia,  cxHpoJia  h l,l“AH4^eHHJi3XHJieHa.  TaKUM  o6pa-' 
30M,  HOJiyHeHHOMy  H3  ji,H(J)eHHJiMexaHa  nojiHMepy  na  ocHOBaimH., 
AaiiHBix  iiH(|)paKpacHMX  cneKxpoB  cjieAyex  npHHHcaxb  cxpyKxypy 

noJiMAH$eHHJiMexHJieHa  (I). 

H3  npeACxaBJieHHOH  na  piic.  1 saBHciiMocxH  BHXOAa  npoAynxa 
peaKAHii  ox  MOJiapHoro  cooxHomeHim  nepeKHCb:  yrjieBOAopoA  bha-- 
HO,  Hxo  nepBHH  MOJi'b  nepeKHCH  pacxoAyexcH  nbaxH  HCKjiioHHxejib- 
HO  Ha  npeBpameHHe  Bcero  AH(J)eHHJiMexaHa  b A™ep  (xexpa(|)eHHJi- 
axan),  bbixoa  Koxoporo  cocxaBJinex  90%  (KpHBaa  2),  B xoAe  peaK- 
AHH  xexpa$eHHa3xaH  ne  npeBpaiii,aexca  noaHOCXbio  b noJiHMepHBie 
npoAyKXBi;  bbixoa  ero,  CHHSHBmHCb  ao  50%  (npn  MOJiapaoM  otho- 
meHHH  nepeKHCb:  yraeBOAopoA  2 ; 1),  ocxaexca  nocxoaHHHM  npa 
AajibHeHineM  npnSaBJieHHH  nepeKHCH,  xaa  ace  KaK  h bbixoa  hojih- 
Mepa,  AOCXHraioiAHH  npn  3xom  ace  cooxHomeHHH  50%  (KpHBaa  t?)._ 
Tanaa  cxa6HJiH3aii,Ha  bbixoa^  nojiHMepa  h Amviepa  HaxoAHxca, 
nO“BHAHMOMy,  B CBa3H  c HSMenenHeM  BasKocxa  cpeAH,  Koxopaa. 
B KOHAe  peaKAHH  npeACxaBJiaex  co6oh  ne  pacxBop,  a bhskhh  pac-- 
HJiaB.  IIoBBirneHHe  Ba3KocxH  cpeABi  saxpyAHaex  bbixoa  paAHKaaoB 
H3  KJieXKH  [13J. 

Ha  pnc.  2 bhaho,  axo  npH6aBJieHHe  nepeKHCH  CBepx  Asyx  mo- 
jien  Ha  mojib  AH^eHHJiMexaaa  npHBOAHX  k pesKOMy  pocxy  MOJieKy- 
aapHoro  Beca  nojiHMepa  no  kphboh,  acHMnxoxnaecKH  npH6jiHacaK)- - 
menca  k och  opAnnax,  n AOCxnraioiAero  MaKCHMajibHoro  aHaaenna 
paBHoro  900  000  (onpeAeJieHO  mgxoaom  CBexopacceaHna)  (apHsaa  2). 
Ha  pnc.  2 KpHBaa  1 npeAcxaBJiaex  coQoh  xeopexHaecKyK)  KpHByio- 
HSMeHenna  MoaeKyjiapHoro  Beca  noJiHMepa  b saBHCHMOCXH  ox  mo- 
jiapHoro  cooxHomeHHa  nepeKHCb  : yraeBOAopoA.  Oxa  KpInBaa  no- 
cxpoena,  hcxoah  H3  AonyiAenna,  axo  pocx  ri;enH  npoHCXOAHx  nyxeM^ 
yABoeHHH,  X.  e.  ns  AHMepa  obpaayexca  xexpanep,  h3  xexpaMepa  — 
OKxaMep  H T.  A. 

IIpH  xaKOM  AonymeHHH  aiicjio  mojigh  cboSoahbix,  paAHKajiOB,. 
HeobxoAHMoe  npeBpaxAenna  1 Moaa  yrjiesoAopoAa  b nojiHMep 
c becKoneano  SojibmHM  MOJieayjiapHBiM  bgcom,  Moacex  6Bixb  npeA-- 
CXaBJIGHO  B BHAe 
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r^e  k — HaTypajiBiiiiiH  pafl  (0,  1,  2...),  t.  e.  b BH^e  cyMMiJ  feo- 
MeTpiiHecKOH  nporpeccHH  c nepBBiM  HHCJioM^a  — 1 h sHaMenaTe- 
1 

jieM  g — 2* 

Mo/},  dec 


Mo/if/pHoe  omHOuieHue  Mo/tffpnoe  coomHouicHue 

nepeKucb: ye/iedodopod  nepenucb:  yzneSodopod 

Plic.  1.  SaBHCHMOCTB  BLIXO^B  ^HMGpa  PHC-  2.  SaBHCHMOCTB  MOJI.  BGca 
H iiojiiiMepa  ot  MOJiHpHoro  cooTHOme-  iiojiHMepai  ox  MOJiapHOro  cootho- 
HHH  nepGKHCB  : yrjiGBOAOpOfl;  ‘ mGHHn  ogpgkhcb  : yrjiGBOAopoA 

X — coHepmaHHe  ncxoAHOro  yrjieBOAOpoKa ; i — TeopeTHqecnaa  KpHBaa;  2 — okc- 
2 — BuxoA  ABwepa;  s — blixo«  nojuiiviepa  nepnivieHTajibHaa  KpHBaa 

C ApyroH  CTopoHH,  corjiacrio  npHnaxoMy  Aonyii];eHHio,  ko9(|)- 
4)Hi];neHT  noJiHMepnaauinH  n = OTCioAa  nojiyTOek  cJieAyio-. 

myiO  aaBHCHMOCTB  MB/KAy  TOCJIOM  MOJieH  CBO60AHLIX  paAHKa.TIOB  11 
:K03$(J)HlAHeHT0M  n\ 


Ha  pnc.  2 bhaho,  hto  aKcnepnMenTajiBHo  HaSjiioAaeMaH  KpHsan 
2 HMeeT  TOTOO  TaKOH  >Ke  xapaKTep,  hto  h TeopexHHecKaa  KpHBaa 
1 H AOBoaBHO  6jih3KO  c Hen  coBnaAaex,  axo  noATBepa^Aaex  CAeaan- 
Hoe  Aonyin,eHHe  o xapaKxepe  pocxa  aghh. 

Hs  axoro  caeAyex  AaJiee,  axo  nepeKiicB  xpex.  6yxHaa  b ycaoBH- 
ax  aKcnepHMGHxa  paaaaraGxca  xaKHM  o6paBOM,  axo  h3  oahoxo  MOJia 
HGpGKHCH  BMGjCXO  AByX  MOJIGH  aKXHBHBIX  HO  OXHOniGHHIO  K paCX- 

BopHXGaio  paAHKaaoB  [8,  9]  bSpasyGxca  1 mo^b  xaKHX  paAHKaaoB 
H cooxbgagxbghho  axoMy  MaKCHMyM  MOJiGKyaapHoro  BGca  aocth- 
raGxca  npn  paoxoAG  hgpgkhch,  6jih3KOm  K ^ayM  MoaaM  na  mojib  yr- 
.jiGBOAopoAa.  9ap  Moa^Gx  6hxb  o6x>acHGHO^xGMy  Hxo  noaoBHHa  nGpBO- 
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HanajiBHo  BOSHnKniHx  cboSoahlix  paAHKajiOB  pacxoAyeTCH  b Aan- 
HHX  yCJIOBHHX  HB  Ha  OTpHB  BTOMOB  BOfliOpOffa  OT  paCTBOpiITeJIH, 
a Ha  noSoHHHG  peaKiiiHH.  B raaooSpasHLix  npoAyKxax  MexoflOM  ra- 
30B0H  xpoMaTorpa(J)HH  MU  oSnapyjKHJiH  Mexan  b KOJiiracTBe  50% 
ox  xeopeTH^ecKoro.  CooxBexcxByiomaH  noxepH  MexHJibHHx  pa^n- 
KajioB  MOHcex  6hti>  CBnaana  HacxHHHO  c tgm,  ^to  homhmo  pacna^a 
SyxoKcnJiBHBix  paAHKaJiOB  na  MexHJiBHLie  paAHKaJiBi  m ai];exoH  HMe- 
ex  Mecxo  peaKmHH  9xhx  paAHKajiOB  iviejKAy  co6oh  c o6pa30BaHHeM 
MexHJi-xpex.  6yxHJiOBoro  a^iipa  ii  ai];exoHa  [14]. 

I AnajiorHHHHM  oSpaaoM  AHHGHHHe,  pacxBopnMBiG  b SeHSOJie, 
nOJIHMGpH  C 6oJIBinHM  MOJIGKyJIHpHHM  BGCOM  SbIJIH  nOJiyHGHBI  HaMH 
H3  MGXHJIOBOrO  3$Hpa  (|)eHHJiyKCyCHOH  KHCJIOXH,  6GH3HJIOBOrO  3(|)H- 
pa  6gh30hhoh  khcjioxh  h Apyrnx  cogahhghhh,  noKaaaHHHXB  xa6ji.  1. 

B npOXHBOnOJIOJKHOCXB  OHHCaHHHM  JIHHGHHHM  nOJIHMGpaM,  npn 
BBGAeHHH  peaKAHK)  BMGCXO  AH(|)GHHJIMGXaHa  AypOJia,  AHXOJIHJI- 
MGxana  ii  Apyrnx  cogahhghhh,  noKaaaHHBix  b xaSji.  2,  napnAy  c 

JIHHGHHHMH  HOJIHMGpaMH,  oSpasyiOXCfl  B 3Ha^HXGJIBHOM  KOJIHHGCXBG 
HGpaCXBOpHMHG  HOJIHMGpH,  HMGIOIAHe,  HO-BHAHMOMy,  CinHXyK) 

cxpyKxypy  3a  chgx  mgxhjibhhx  rpynn,  Hhxgpgcho  oxmgxhxb, 
Hxo  npn  noMOiAH  pGaKAiin  noJiHpGKOM6HHan;HH  mojkho  noJiy^axB 

JIHHGHHHG  HOJIHMGpH  C apOMaXHHGCKHMH  Ii;HKJiaMH  HG  XOJIBKO  B 60' 
KOBOH,  HO  H B OCHOBHOH  H^GHH.  TaK,  HaHpHMGp,  HpH  o6pa6oXKG  CMG" 
CII  AH^eHHJIMGXana  (0,1  MOJIh)  H AZ-AHH30nponHJl6GH30Jia  (0,1  mojih) 
2,5  MOJIflMH  HGpGKHCH  oSpasyGXCH  HCKJIIOHHXGJIBHO  JIHHGHHHH  CO- 
HOJIHMep,  B TO  BpGMfl  KBK  OAHH  n-AHH30np0nHJl6GH30JI  np6BpaiII,a- 
GTCH  B 3XHX  yCJIOBHHX  HOHXH  HaAGJIO  B XpGXMGpHHH  HpOAyKT  [2]. 
B TGx  me  yCJIOBHHX  113  2,5-AHXJiop-n-KCHJioJia  nojiynaGxcH  xjiopn- 
poBaHHHH  anaJior  noJiH-n-KCHJiHJiGna,  hojihocxbh)  pacxBopHMHii 
B 6gH3PJIG.  IIo-BHAHMOMy,  aXOMH  XJIOpa  B 0-nOJIO>KGHHH  K MGTHJIB- 
HHM  rpynnaM  aKpaHnpyioT  hx  h aaxpyAHHiox  cinnBKy  jihhghhhx 
ii;GneH  no  3THm  rpynnaM. 

Ha  npHBGAOHHHX  AaHHHX  cjiGAyex,  nxo  pGaKAHH  nojinpeKOMSH- 
HaAHH  npHBOAHT  K nOJiyHGHHK)  JIHHGHHHX  HOJIHMGpOB  C 60JIBmHM 
MOJIGKyJinpHHM  BGCOM,  GCJIH  B hcxoahhx  cogahhghhhx  OTCyXCXBy- 
K)X  rpynnH,  CHOCOShBIG  MyJKHXB  XOHKaMH  paaBGXBJIGHHH  nOJIHMGp- 
Hoik  Henii. 

EcJIH  B 06OHX  6gH30JIBHHX  HApaX  AH^GHHJIMGXana  hmgiotch 
ajiGKxpoHoaKruGnxopHHG  KapQoMexoKCHJiBHHG  rpynnH  (ahmgthjio- 

.BHH  3(|)Hp*,H,/l'“AH|)eHHJIMGXaHAHKap6oHOBOH  KHCJIOTH),  TO  pGaK- 
lliHH,  nOJIHpeKOMSHHaitHH,  B OXJIHHHG  OX  AH<j[>aHHJIMGXaHa,  OrpaHH- 
HHBaexcH  jnimB  cxaAHeH  o6pa30BaHHfl  AHMGpa,  nxo  napHAy  c 
ApyriiMH  ^aKTopaMH  mojkgt  6hxb  CBHsano  c 6ojiBniGH  xpyAHOcxBio 
oxpHBadTBOAopoAHHx  axoMOB  npn  najiHHHH  b HApe  aJiGKxpoHoaKHen- 
^OpHHX  aaMGCXHXCJlGH  [8].  ^HMGp  yKasaHHOrO  CTpOGHHfl  6hji 

bhacjigh  c bhxoaom '75,6%. 

10  MoKayHapoflHuft  cuMnoaiiyM,  cennHH  I 
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T a 6 Ji  im  a 1 

, CoeAHHeHHH,  ^aiou^Hc  npM  peaKi^uii  nojinpeKOM6Hiiai;iiii  nojiHMepbi  lOJihKo  jiiiHeiiHoro  CTpoeHHH 


• HcxoAHoe  coeflHHeHiie 


MojiapHoe 
cootHomcHHe 
•nepeKHCbi  ‘ 
. HCXOHHOe 
coeAriHCHHe 


CTpoenne  riojiyqenHoro  JiHHeflHoro 
nonHMepa 


Moji. 

sec 


T.  nji.,  ®C 


CaHsCHsCeHs 
C6H5CH2COOGH3 
C6H5CH2COCH3 
: CcHsGHaOOGCeHs 
CCH5GH2GH2C6H5 
GeHsGHsGeHs 
(CH3)aCHC6H4CH(CH3)s 

' : CoHjCCHsysCU 


C,H6 


(CHsyaHg 
- ' C0H5-B 


N— CH  (GH3)2- 


\n/ 

I . . 

CH'’(GH3)2 


2,3  :1 
2 -,  5 :1 
1,88:  i 
2.7  :1 
3,0  :1 

2,5  :1 


2,0  :1 


2,0  :1 


— C (C(H5)2 — 

- (C0H5)  C (COOCH3)  - 
— (CcHs)  G (COCH3) — 

- (C3H5)  G (OOGG0H5)  - 

- (GeHs)  G (GH3G6H5)- 

-C(C6H5)2-G(GH3)3<^^G(GH3)3- 

Cl  ' 

I 

, ^CH3<Q>CH3- 

gI  - 

GsHs 


N-G(GH3)2 


I /®\ 

(GH3)2C— N 

I.  I 

Goflj— B B-GsHs 
\lS|/ 


GH(GH8)2 


900  000 
14  000 
30  000 
43QQ00 
5000 

12  000 


5000 


203—220 

160-170 

210—220 

185—200 

170—185 

146—160 


150—165 


TpHMep 


^200 


Buxojl,  % OT 
HCXo;^HOro 
COeflHHCHHa 


52 

48 

36 

55 

70 

55 


65 


49 
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Ta6JIH^a  2 


CoefliiHeBHH,  Aaiomae  npn  peaKi^iin  nojiHpeKOM6BHai;nH  npeHMymecTBeHHO  HepacTBopHMwe  noaniviepbi 

c TpexMepHOH  CTpyKTypOH 


MojiapHoe 

onoTHoni  ftHWft 

BbixoA  noJuiMepa.  % 

PaCTBOpHMHJtt  nOJIBMep 

HepacTBOpii- 
MHtt  nojiiiMep 

HcxoftHbie  coeflHHeHiiH 

nepeKTJCb  : hcxoh* 
Hoe  coeflHHeHHe 

pacTBopHMoro 

HepaCTBOpH* 

Moro 

MOJI.  Bee 

T.  nji.,  °C 

TCMnepaxypa 

paaJiojKeiuaa, 

°C 

(CH3)2HC<^^CH(CH3)2  . 

2:1 

20 

40  . 

10  000 

200—240 

320 

(CH3)2CHC6H4C«H4CH(CH3)3 

' 0,75:1 

• 12 

20 

flHMGp 

230 

300 

CH3C«H4GH2C6HiCH3 

2:r 

15 

40 

2500 

150—180 

240 

GeHsCHaOOCCHs 

. 2,-3:l 

14 

23 

1700 

170—195 

190—260 

. ; .yCHa' 

CH3-<^^-GH3 

/ ■ 

CHa 

.1,16:1 

15 

61,5 

2 000 

98—107 

^90 

• H 

(,CH3)2Gj \CH  tCIla)^  ■ 

■ ^ ' ' 

; ■'2:1 

20 

2 

8 200 

155—180 

.>300 

’•  l—X-  • ' • ■ 

• -Fe 

2,5 

7,b 

• 1 000 

-^300 

■ . . . L_)'  l'  - 
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Summary 

f an  extension  of  the  previously  reported  studies  of  the  use 
ol  the  polyrecombination  reaction  to  synthesize  high  molecular 
compounds  it  has  been  shown  for  the  first  time  that  in  this  wav 
linear  polymers  were  formed  without  any  significant  amount  of 
three-dimensional  structures. 

Such  polymers  may  be  synthesized,  in  particular,  by  compounds 
containing  a methylene  group  in  the  a-position  to  the  benzene 
ring,  carhoalkoxy  or  carbo.phenoxy  groups. 

On  treating  diphenylmethane  with  lerf  .- butyl  peroxide  a 
linear  polymer  of  molecular  weight  10000  to  900  000  (depending 
upon  the  quantity  of  peroxide)  was  obtained;  linear  polymers  in 
the  form  of  benzene-soluble  powders  were  also  formed  from  benzyl 
benzoate  (mol.  weight  ca.  400000),  methyl  phenylacetate  etm 
1 he  composition  and  structure  of  the  polymers  obtained  have  been 
connrmed  by  data  on  the  elementary  analysis  and  IR  spectra. 

11m  relation  between  the  molecular  weight  of  the  polymer 
and  the  amount  of  peroxide  consumed  in' its  formation  has  been 
•established. 
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It  has  been  found  that  if  groups  are  present  in  the  initial  pro- 
ducts capable  of  serving  as  branching  centers  of  the  polymer  chain 
(e.  g.  methylgroups  in  ditolylmethane)  alongside  the  linear, 
three-dimensional  products  are  formed. 


Resume 

Pour  le  developpement  des  etudes  publiees,  concernant  Tuti- 
lisation  de  reaction  de  polyrecombinaison  pour  la  syn- 
these  des  composes  macromoleculaires  on  a montre  pour 
la  premiere  fois  qu’a  Paide  de  cette  reaction  peuvent  etre  obtenu 
des . polymeres  lineaires  sans  formation  quelque  peu  essentielle 
des  structures  tridimensionnelles. 

Pour  obtenir  ces  polymeres  conviennent,  notamment,  les  com- 
poses contenant  les  groupes  methylenique  en  ct-position  enyers  le 
noyau  de  benzene,  les  groupes  carbalcoxylique  ou  carbopheno- 
xylique. 

En  traitant  le  diphenylmethahe  parperoxyde  de  butyl-ter  on  ' 
a obtenu  un  polymere  lineaire  a poid  moleculaire  de  10000  a 
900  000  (suivant  la  quantite  de  peroxyde).  Des  polymeres  line- 
aires sous  forme  des  poudres  solubles  en  benzene  ont  ete  aussi 
obtenus  a partir  du  benzoate  de  benzyl  (P.  M.  400000  environ), 
de  1 ester  methylique  d’acide  phenylacetique  Qt  d^autres  compo- 
ses. La  composition  et  la  structure  des  polymeres  obtenus  ont  ete. 
confirmees  par  les  donnees  d’analyse  elementaire  et  des  spect- 
res 1.  R. 

On  a etabli  la  dependance  du  poids  moleculaire  de  polymere 
de  la  quantite  de  peroxyde  depense  a sa  formation. 

On  constate  qu’en  presence  dans  les  composes  initiaux  des 
groupes  du  type  indique  pouvant  servir  des  points  de  ramifica- 
tion de  chaine  polymerique  (par.  ex.  des  groupes  methyliques 
au  sein  du  ditolylmethane)  a cote  des  polymeres  lineaires  se  fer- 
ment des  produits  tridimensionnels. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


XHMHHECKHH  CHHTE3  nOJiaCAXAPH^OB 

M uiJoee  A^ 

((DeftepaTUBHaH  PecnySjiHKa  FepMaHHH) 


XHMHHecKHH  CHHxea  noJiHcaxapHAOB  mo>kho  ocymecxBHTb  no 
peaK^HH  nCeHizOg  — (n  l)H20:;KCeHio06)„  (•«>!)  npa  ycjio- 

BHH  yflajieHHH  oSpaayiomeHCH  BOflbi.  IIpHroflHHM  HHAH$epeHT- 
HHM  pacTBopHTeJteM  AJiH  caxapoB  b btoh  peaKiiiHH  abjihgtch  ahmb- 
THJICyJIb(|)OKCHA.  B npHCyXCXBHH  BKBHBaJieHTHOrO  KOJIHneCTBa 
H'^’-hohob  paBHOBecne  b BiimeyKaBaHHOH  peaKniHH,  kbk  yjKe  co- 
oSmajiocb  panee,  AocraraexcH  npa  KOMHaxHOHxeMnepaxype.  Kaxa- 
jiHsaxopoM  B 3TOM  cjiy^ae  cjiyjKax  hohh  (CH3)2S‘*‘OH. 

Bhxqabi  nojiHcaxapHAOB  onpe^eJiHioxcH  noJio>KeHHeM  paBHO- 
BecHH,  HO  npH  yAaJieHHH  o6pa3yioiii,eHCH  boah  (nanp.',  aseoxpon- 
Hoii  OTroHKOH,npH  KOMHaxHOH  xeMnepaxype)  bhxoa  noJiHcaxapHAOB 
MOJKHO  yBeJIHHHTB.  IIpH  HCn0JII>30BaHHH  3X0X0  MOTOASl  6hJIH  CHH- 
Te3HpoBaHi>r  h3  a-rJiH)K03ti  ii  a-rajiaKxoati  MaJibT03a  h AejiJio- 
6H03a.  MojiGKyjiHpHHe  Beca  nojiyneHHHX  nojiHcaxapHAOB  6tiJiH 
onpeAeJieHH  npn  homoh^h  yjiBTpai3;eHTpH$yrH..B  pe3yjibxaTe  mgxh- 
jiHposaHHH  CHHxe3HpoBaHHi>ix  HOJiHcaxapHAOB  n nocjieAyioin;ero 
rHApoJiHsa  mgthjiobmx  s^npoB  Sbijih  noJiyneHU  MexHJinpoBaHHHe 
npoH3BOAHHe  a-rJiiOKOSti.  HayneHne  CTpyKxypLi  3XHX  npoH3BOA” 
HHX  no3BOjiHao  cocxaBHXb  npeAcxaBJieHHG  o cxpyKxype  noJiHcaxa- 
piiAOB.  9xh  AaHHHe  6hjih  noATBep>KAeHi>i  npn  HayneHHH- npoAecca 
pasJiojKGHHH  noJiHcaxapHAOB  npH^  AencxBHH  hoahoh.  khcjioth. 
HaojinpoBaimue  noAHcaxapHAu  hmgjih  chjibho  paBsexBAeHHyio 
CTpyKxypy;  na  ocHOBaHHH  AaHHHx  no.  yACJibHOMy  Bpani;eHHK) 
npeoSjiaAaiox  a-cxepeonsoMepHHe  (|)opMH. 


Symmary 

The  chemical  synthesis  of  polysaccharides  may  be  accompli- 
shed according  to  the  reaction 

nC6Hi206  — — 1)  HgO  ^ (CeHioOo)^  n 1 

provided  the  resulting  water  be  removed.  A suitable  indifferent, 
solvent  for  the  sugars  in  this  reaction  is  dimethylsulfoxide.  In 

150 
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the  presence  of  an  equivalent  amount  of  ions  reaction  equi- 
librium may  be  achieved  at  room  temperature.  As  catalysts 
serve  (GH3)2S‘^OH  ions. 

The  polysaccharide  yield  is  determined  by  the. equilibrium  po- 
sition, but  on  removing  the  water  formed  (for  example  by  azeo- 
tropic distillation)  the  polysaccharide  yield  may  be  increased. 
Using  this  method  the  synthesis  has  been  carried  out  of  maltose 
and  cellobiose  from  ^/-glucose  and  G?-galactose.  The  molecular 
weights  of  the  resultant  polysaccharides  have  been  determi- 
ned with  the  aid  of  an  ultracentrifuge.  By  methylation  of  the 
synthesized  polysaccharides  and  subsequent  hydrolysis  of  the 
methylesters  methylated  glucose  derivatives  have  been  ob- 
tained. A study  of  the  structure  of  these  derivatives  made  it  pos- 
sible to  obtain  an  idea  of  the  structure  of  the  polysaccharides. 
The  data  were  confirmed  by  results  of  studies  on  the  degradation 
of  the  polysaccharides  by  periodic  acid.  The  isolated  polysaccha- 
rides had  a highly  branched  structure.  Specific  rotation  data  re- 
vealed the  predominance  of  the  c?-isomers. 


Resume 

La  synthese  chimique  des  polysaccharides  peut  etre  realisee 
suivant  la  reaction: 

TiCgHisOe  ~ - 1)  H2O  (GeHjoOs)^  .n  > 1 

a condition  que  Teau  formee  soit  eliminee.  C’est  le  dimethyl- 
sulfoxyde  qui  convient  comme  solvant  indifferent  pour  les  suc- 
res dans  cette  reaction.  Comme  on  avait  annonce  Tequilibre  dans 
la  reaction  ci-dessus  indiquee  en  presence  de  nombre  equivalent 
d’H-ions  est  obtenu  a temperature  ambiante.  Ce  sont  les  ions 
(CH3)2S'^0H  qui  servent  de  catalyseur  dans  ce  cas. 

Les  rendements  en  polysaccharides  sont  determines  par  Tetat 
d’equilibre  mais  moyennant  L elimination  d^eau  formee  (par 
oxemple  par  la  distillation  azeotropique  a temperature  ambian- 
te) on  peut  les  augmenter.  En  employant  cette  methode  on  a syn- 
thetise  la  maltose  et  cellobiose  a partir  de  d-glucose  et  d-galacto- 
se.  Les  poids  moleculaires  des  polysaccharides  obtenus  ont  ete 
ebtenus  a Laide  d’ultracentrifugeuse.  Par  suite  de  methylation 
des  polysaccharides  synthetises  et  d ’hydrolyse  des  ethers  me- 
thyliques  ont  ete  produits  les  derives  methyles  de  d-glucose. 
L’examen  de  la  structure  de  ces  derives  a permis  de  comprendre 
la  structure  des  polysaccharides.  Ces  donnees  ont  ete  confirmees 
durant  I’etude  du  processus  de  decomposition  des  polysacchari- 
des sous  1’ action  d’acide  periodique.  Les  polysaccharides  isoles 
avaient  des  structures  forteihent  ramifiees,  dans  lesquelles  sui- 
vant les  donnees  sur  la  rotation  specif ique  predominent  les  for- 
mes a-stereoiBomeres. 
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nOJIYHEKHE  KPEMHHflOPrAHHHECKHX  nOJIHMEPOB 
HA  KOMHJIEKCHOM  KATAJIH3ATOPE  (C2Hj)3Al  + TiCl^ 

H»C»B[aMemnun^  A*  3*T  on^nu  e 
C.  r,  y pzap'bHH 
<CCCP> 


AjiKeHHJiCHJiaHM  npeACTaBJiflioT  Sojibhigh  HHxepec  KaK  iicxo;^> 
HHe  coeflHHeHHH  AJifl  nojiyiiGHHfl  noJiHMepHBix  KpeMHiiiiopraHHHe- 
CKHX  npOAyKTOB* 

HaMH  BnepBBie  6HJia  noKasana  npHninunHajiBHaa  bosmO/Khoctb 
nojiHMepH3aia,HH  Henpefl;ejiLHHx  KpeMHiiHopraHHHecKiix  coe^HHe- 
HHH  C HCn0JIB30BaHHeM  KOMIIJieKCHHX  MeTaJIJIOOpraHIIHeCKiTX  Ka- 
TajiHsaxopOB  [1].  Hbckojibko  no3>Ke  Haixa  c coTpy^HiiKaiMii  [2] 
onncaji  npou;eccBi  iiojiiiMepH3aii;HM  h CBOHCTBa  neKoxopBix  noJiHMe- 
pOB  aJIKeHHJICHJiaHOB,  B KOTOpBIX  BTOM  KpeMHHfl  CBH3aH  C OJJJlOll 
ajiKeHHJiBHOH  xpeMfl  MexHJiBHHMH  rpynnaMH  hjih  c xpeMH  axona- 
MH  BOflopo^a.  nojiHMepH3an;HH)  npoBoj^HJiH  Ha  aHHOHHBix  rexepo- 
reHHBix  KaxajiHsaTopax.  Bhjih  BM^ejiGHBi  $paKD,HH,  cocxonmne  h3 
JiHHeraBix  MaKpoMOJieKyji  c bbicokhm  MOJieKyjiHpHBiai  bgcom  n 
xapaKxepHaylomHecH  HsoxaKxiiHecKOH  cxpyKxypoii.  HaKonen, 
B nocJieAHHX  paSoxax  [3,  4]  no  nojiHMepH3ati,HH  j^HajiJiHJi;];iiajiKH.i- 
((j)eHHJi)  CHJiaHOB  Ha  ochobg  paSoT  no  ii;HKJionoJiHMepii3an;HH  ne- 
conpflH^eHHBix  ^^HenoB,  npefljiojKeHO . cHHxaxB  npeo6jiaji;aH)nj,Hnc  u 
cxpyKxype  noJiHMepos  axnx  coeAHHennH  cjieAyioiii,ee  3BeHo: 


R — Si  — R 


PasBHBaH  paSoxBi  b oSjiacxH  noJiHMepH3an;HH  h conojiiiiviepHaa- 
I1,HH  aJIKeHHJICHJiaHOB , MBI  HSyHaJIH  B03M03KH0CXB  nOJIHMepII3aiI,irH 
ajijiHJiBHBix  npoH3Bo;^HBix  KpeMHHH,  a xaKjKe  conojiHMepn3an,im 
HX  C HpOHHJieHOM  B JKH/^KOH  $a3e  C HCnOJIBBOBaHHeM  KOMHJieKCHO- 
ro  KaxaJiH3axopa  — xpHaxHJiajiioMHHiiH  h nexHpexxjiopiicxoro 
XHxana.  B KanecxBe  hcxoj^hhx  mohomopob  6bijih  HcnojiBsoBanBi  xpn- 
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MeTHJiajiJiHJiCHJiaH,  AHMeTHJi^eHiiJiajiJiHJicHJiaH,-  •MeTHJiAii(|)eHiiJi- 
ajiJiHJiCHJiaH,  AHMeTHJi/i;HajiJiHJiCHJiaH  n MeTHJi(j)eHiiJiAHajiJiHJiCHJiaH,. 
nojiy^emme  MarnnHopranmecKHM  cuHTesoM..  nojiHMepii3aii,nK)' 
3THX  coeAHHGHHH  npoBOflHJiH  B H-renTaHG  npn  TGMnepaTypax  25  — 
70°  B TG^GHHG  6 — 50  ^acoB  npn  KOHu;eHTpai^im  MOHOMopa  b pacx- 
BOpG  OT  10  AO  50%  H MOJiapHHX  COOTHOmGHIIHX  (C2H5)3A1  H TiC^ 
OT  2 : 1 AO  1 : 5.  06ii];eG  kojiotgctbo  KaTajiHsaxopa  H3MeHHJiii  b 
npGAGJiax  OT  1,5  ao  10%  no  othOhighhio  k ajiKGHracHJiaHy.  Bhxoa 
npoAyKTOB  nojiHMepHsaAHH  KOJiG6ajicH  b nmepBajiG  ot  50  ao  100% 

B aaBHCHMOCTH  OT  KOJIHHGCTBa  KaTaJIHSaTOpa,  MOJIHpHOrO  OTHOBIG- 
HHH  MGJKAy  TpH3THJiaJII0MHHHGM  H HGTHpGXXJIOpHCTHM  THTaHOM,. 
KOHAGHTpaAHH  MOHOMGpa  B paCTBOpG,  TGMnepaTypBI  H npOAOAH^II- 
TGJIBHOCTH  OHUTa. 

IIpH  nojiHM6pii3aAHH  MOHoajiJiHJiCHJiaHOB  Sbejih  BHAGJIGHBI  npo- 
AyKTH  nOJIHMGpH3ail,HH  paSJIHHHOrO  MOJIGKyJTflpHOro  BGCa.  Ho- 
JIHTpHMGTHJiaJIJIHJICHJiaH  oSjIBAaJI  npHMGpHO  TGMn  JKG  CBOHCTBaMH, 
KaKHG  onncaji  am  hgto  HaxTa  c coTpyAHHKaMH,  IIpirsaMGHG  oahoto- 

HJIH  AByX  MGTHJIbHBIX  paAHKaJIOB  Ha  $GHHJIbHHe  ShJIH  TaK>KG  HO- 
JiyHGHH  ^paKAHH,  COCTOHIAHG  H3  JIHHGHHLIX  MaKpOMOJIGKyjI  C BBICO- 
KHM  MOJIGKyjIHpHHM  EGCOM  H XapaKTGpHSyiOIAHGCH  H30TaKTHnGCKOH: 
CTpyKTypoH.  TaK,  HanpniviGp,  hgkotopbig  (J)paKAHH  nojiHAHMGTiiJi- 
$GHHJiajiJiHJiCHJiaHa  hmgjih  TGMnGpaxypy  njiaBJiGHHH  280 — 300°' 
H XapaKTGpHCTHHGCKyK)  BH3K0CTB  B AOKaJIHHG  npH  120°,  paBHyiO  l,5v 
IIpH  nOJIHMGpnaaAHH  AHMGTHJIAHaJIJIHJICHJiaHa  H M6THJI(|)eHIIJIr- 
AHaJIJIHJICHJiaHa  6hJIII  BBIAeJIGHBI  KBK  >KHAKHG,  TBK  H TBGPABIG' 
nOJIHMGpBI  C oSlAHM  BHXOAOM  HpOAyKTOB  nOJinMGpH3an;HII  OT  70’ 
AO  100%.  Ybgjihhghhg  BBixoAa  jkhakhx  hojihmgpob  Ha6jiH)AajiocB. 
npn  yBGJiHHGHHH  npoAGHTHoro  coAepjKaHHH  KaTajiH3aTopa,  a xaK- 
5KG  npH  MOJIHpHBIX  COOTHOinGHHflX  (C2H5)3A1  H TiCl4  OT  1 : 1 AO 
2:1.  JKhakhg  nojiHMGpHBiG  npoAyKTBi  npeACxaBJiHJiH  co6oh  bhs- 

KHG  MaCJIflHHCXBIG  JKHAKOCTII,  nGpGrOHHK)in,HGCH  C pa3JIO>KeHIlGM: 

npH  200 — 350°  npn  2 — 5 mm,  HaMii  6bijih  bliagjighbi  npoAyKXBi,. 

OXBGHaiOIAHG  no  MOJIGKyJIHpHOMy  BGCy  TpHMGpy,  XGTpa-  II  nGHXa- 
MGpy.  TbGPABIG  nOJIHMGpHBIG  npOAyKXBI  eOCXOHJIH  H3  paCXBOpHHOii 
H nepacTBopuMOH  b 6oJiBnrHHCXBG  opraHnnocKiix  pacxBopiixGJieii. 
HaCTGH.  HnXGpGCHO  0XM6XHXB,  HTO  nOCJIGAHIIG,  nOJiyHGHHBIG  113  ABr- 

MGTHJiAnajiJiHJiCHJiaHa,  npeACxaBJiaiOT  co6oh  KaynyKonoAoSHBiG  bg- 
EAGCTBa,  B TO  BpGMH  KaK  H3  M6THJi(|)eHHJiAHajiJiHJiCHJiaHa  o6pa3y- 
K)xca  6gjih6  noponiKoo6pa3HBrG  BGiAGCTBa  c bbicokhmh  TGMnepa- 
TypaMH  njiaBJiGHHfl  nopHAKa  400°.  HanSoJiBrann  bhxoa  axiix: 
(|)paKAHH  ndJiHMepoB  naSjiioAajiCH  npn  MOJiapnHX  cooTHomenrraX'v 

(C2H5)3A1  h TiC]4  OT  1 : 3 AO  1 : 4.  OpaKAHH,  coctohiahg  h3  xBop- 

ABIX  paCXBOpiIMHX  npOAynXOB,  npGACXaBJIHJIH  Co6oH  nOJIHMGpBI  c 
HGBBICOKHM  MOJIGKyjIHpHHM  BGCOM.  OnpeAGJIGHHe  HGnpGAOJinHOCTHl 
noJiiiAHajijiHJiciiJiaHOB  noKa3BiBaGT.HG6ojiBinoG  coAop^Kanne  Kpax- 
HHX  CBH3GH  (oX  1,5  AO  2,5  Ha  nOJIHMep),.  Ho  3JIGMGHTapHOMy: 
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-aHaJiiiay  noJinMepu  AHMeTHJi3na:^MJiCH:fiaHa  h MeTHJi4)eHHJi/^Haji- 
JIMJIClIJiaHa  HAGHTHHHH  HCXOflHHM  MOHOMepaM. 

HaMH  TaKjKe  HaynajiacB  bosmohchoctb  Jiojij^ewK  conoJiHMepoB 
aJiKeHHJicHJiaHOB  c npoHHJieHOM  B jkhakoh  $a3e  c HcnojiBsoBa- 
HHeM  KarajiHaaTopHOH  CHCTeMBi  (C2H5)3AI  h TiCl4.  B KanecTBe  hc- 
XOAHHX  MOHOMepOB  HCn0JIB30BaJIHCB  AHMeTHJI^HaJIJIHJICHJiaH,  Me- 

THJi^eHHJiAHajiJiHJiCHJiaH  H nponaH-npoHHJieHOBaH  $paKu;iiK  (cp- 
ji;ep>KaHne  nponHJiena — 26%).  ConoJiHMepH3au,Hio  npoBO^HJiH  npn 
TeMnepaxype  65 — 70°  ii  flaBJieHHH  30 — AO  amM,  Hay^eno  BJinHHHe 
-COOTHOineHim  Me>KAy  aJIJIHJinpOHSBOAHHMH  KpeMHHH  H npOHHJieHa, 
TpH3TIIJiaJIIOMHHHeM  H BieXBipexXJIOpHCTBIM  THTaHOM  Ha  BHXO^  H 
c-BOHCTBa  nojiynaiomHxca  nojiiiMepoB  (o6in,ee  coj[^ep>KaHHe  Kaia** 
jiHsaxopa  cocTaBJiHJio  1,5%  ot  nponaH-nponHJienoBOH  (J)paKn;HH). 
CoAepa^aHHe  aTaKTaaecKOH  aacra  b conojiHMepe  HMeex  npH6jiH3H- 
TeJiBHo  nocTOHHHoe  BHaaenpie,  paBHoe  ~52%.  IIojiHMepH,  nojiy- 
aeHHHe  Hpii  ysejiHHeHHH  MOJiapnoro  cooxHomeHHH  Meac^y  AnaJi- 
J[HJinpOII3BOAHBIMII  KpGMHHH  H HpOUnJIGHa  OX  0,04  AO  0,15,  HMGJIH 
HecKOJiBKo  6oJiee  BBicoKyio  xeMnepaxypy  njiaBJieHHH  h b HeBnaan- 
xejiBHOH  cxeneHH  xepHJin  nojinyio  pacxBopHMocxB  b AOKajinne. 

CpaBHenne  MexaHnaecKHx  cbohctb  conojiHMepOB  MexHJi(j)eHHji- 
AHajijiHJiciiJiaHa  ii  AHMexnjiAHajiJiHJiCHJiaHa  c nponnjieHOM  noKaaa- 
Jio,  Hxo  nocJieAHHe  oSjiaAaioT  npiiMepHo  b Asa  paaa  MeHBmeH  npoa- 
HocxBK)  Ha  paapBiB,  HGM  BnepBBie.  GonojiHMepBi  MexHJi^eHiuiAHaJi- 
JiHJiCHJiaHa  c npOHHJieHOM  oSjiaAaiox  bbicokhm  oxhochtgjibhbim  yA- 
jiHHeHHeM  (600—700%).  yBejinaenHe  oxHOCHxejiBHoro  coAepncaHHa 
MeTHJi(J)eHHJiAPiaJiJiHJiCHJiaHa  b conojiHMepax  c nponHJieHOM  aaiviex- 
Ho  yjiyHmaex  hx  xepMOMexaHHaecKHe  CBoncxBa  no  cpaBHeHHip  c 
TepMOMexaHHHeCKHMH  CBOHCXBaMH  COHOJIHMepOB  AHMeXHJIAHaJI“ 
JiHJiCHJiaHa  c npoHHJieHOM.  I 

^JiH  HGKoxopHx  o6pa3ii;oB  nojiHMepoB  6bijih  chhxbi  penxreno- 
rpaMMH,  iiH(|)paKpacHBie.cneKTpH  H xepMorpaMMBi,  a xanace  nccjie- 
AOBaHLi  HeKoxopBie  xepMo-MexaHHnecKHe  CBofexBa. 
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Summary 

Organosiiicon  polymers  with  silico-carbon  units  in  the  main 
chain  are  of  considerable  interest.  The  initial  monomers  for 
-synthesis  of  the  polymers  may  be  alkenylsilanes. 

In  the  present  work  it  is  shown  that  polymerization  of  alke- 
mylsilanes  may  take  place  on  the  complex  catalyst  (G2H5)3A1  + 
TiCl4.  The  polymerization  was  carried  out  at  50 — 70°.  n-Heptane 
was  emploed  as  solvent.  The  effect  of  the  (C2H5)3A1  : TiCl4 
xatio  on  the  yield  and  properties  of  the  polymers  obtained  has 
Ibeen  investigated.  The  highest  yields  were  at  (G2H6)3A1  : TiGl4 
(molar  ratios  of  1 : 2,  1 : 3 and  1 : 4. 

Both  crystalline  and  liquid  polymers  are  formed.  For  example 
on  polymerization  of  methylphenyldiallylsilane  about  30%  so- 
lid polymer  is  produced,  the  isotactic  part  of  which  (after  extrac- 
tion with  ether)  has  a melting  point  of  400—410°. 

A study  was  also  made  of  the  copolymerization  of  dimethyl- 
phenyldiallylsilane  and  methylphenyldiallylsilane  with  propy- 
lene in  the  liquid  phase., 

A number  of  physico-chemical  properties  of  the  polymers  have 
been  investigated. 


(Resume 

Les  polymeres  siliconiqu^  qui  contiennent  dans  leur  chaine 
principale  les  motifs  silicocarboniques  presentent  un  grand  inte- 
ret.  Les  alkenilsilanes  peuvent  servir  de  monomers  initiaux 
pour  les  obtenir. 

On  informe  dans  ce  travail  sur  la  possibilite  de  polymerisa- 
tion des  alkenilsilanes  sur  le  catalysateur  complexe  (G2H5)3A1  + 
TiGL. 

La  polymerisation  s’est  effectuee  a la  temperature  de  50  a 
70°;  a titre  de  solvent  etait  utilise  le  n-heptane.  On  a etudie 
I’influence  du  rapport  (G2H5)3A1  et  TiGL  sur  le  rendement  et  les 
proprietes  des  polymeres  obtenus.  La  polymerisation  se  passait 
avec  les  plus  grands  rendements  aux  rapports  molaires  (G2H5)3A1 
et  TiGL  egaux  1 : 2,  1 : 3 et  1 : 4. 

A la  suite  de  polymerisation  on  obtient  des  polymeres  cri- 
stallins  et  liquides  egalement.  Par  exemple  pendant  la  polyme- 
risation de  methylphenyldiallylsilane  on  a obtenu  30%  environ 
de  polymere  solide,  dont  la  partie  isotactique  (apres  1 ’extraction 
par  ether)  avait  la  temperature  de  fusion  de  400  a 410°  G. 

La  copolymerisation  de  dimethyl  et  methylphenyldiallylsi- 
lane avec  le  propylene  en  phase  liquide  etait  egalement  etudiee. 

On  a etudie  les  proprietes  physico-chimiques  des  polymeres 
obtenus. 
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nOJIHMEPbl,  GOfl;EPHCAin;HE  rEPMAHHB 

r.  C.  E OAe  cHUKo  e,  C.  Jl.  Ji; a o hid  o e a, 
H * K Jiu  M enm  o e a 

(CCCP) 


Chhtcs  II  iiojiHMepii3aii;HK  MexaKpHJibHtix  npoHSBOAHbix  rep- 
MaHHH  jio  CHx  nop  B jiHTepaType  He  onncaffH.  Mli  nonHiajiiicb  bli- 
acHHTb  B03M05KH0CTb  nojiyHeHHH  HOJiHMepoB  THHa  nojinMeTnjiMe- 
TaKpHJiaTa,  coAepjKamnx  b 6okobhx  oTBexBjieHHHx  repMaHnii  b 
BHAe  xpnajiKHJirepMHJibHOH  rpynnH,  B KaaecxBe  o6TbeKxa  iiccjieAO- 
BaHHH  HaMH  6hji  BLi6paH  MexaKpHjiHJixpnaxHJirepMaH,  cimxea  ko- 
xoporo  6liji  ocymecxBjieH  no  cxeMe: 

CH  OH 

(C2H2)3  GeBr  + CHa  - G (CH3)  COOH  — 

CHa  = G (CHg)  COOGe  (C2H5)3 

MexaKpHJiHJixpnaxHJirepMaH  npeACxaBjiaex  co6oh  6ecii;BexHyio  >kha- 
KOCXB  c X.  KHH.  69—7075  MM,  1,1439,  1^4569.- 

MexaKpHJiHJixpnaxHJirepMaH  nojiHMepnayexcH  b npHcyxcxBHiin 
HHHAHaxopoB  paAHKajibHOH  nojiHMepHsaAHH,  HanpiiMep,  nepeKii- 
CH  6eH30Hjia  iijih  AHHHxpHJia  a30H30MacjiHH0H  khcjioxh;  b peayjiB- 
xaxe  nojiHMepH3an;HH  o6pa3yexcH  npospaanbin  5ecij;BexHHH  nojiii- 
Mep.  IIojiHMep  MexaKpnjiHJixpnaxHjirepMaHa  He  pacxBopaexcfl  b 
6eH30Jie,^AHXJiop3xaHe,  xojiyojie,  xjiopo(|)opMe,  xexpajiHHe,  aAexoHe, 
nexpojieHHOM  .3(J)Hpe,  AHOKcane  h MexHJiOBOM  cnnpxe,  ho  pacxBo- 
pHM  B AHMexHJi$opMaMHAe  H aMHJiaii;exaxe.  IlojiHMexaKpnjiiijixpH- 
axHJirepMan  oanmajiH  ocan^AenneM  nexpojienHLiM  3(|)HpoM  iis  pa- 
GXBopa  B aMHJiaii;eTaxe. 

MexaKpHJiHJixpH3XHJirepMaH  conojiHMepHsyexca  c MexnaMex- 
aKpnaaxoM  HCXHpojioMno  paAHKajiBHOMy  MexannsMy,  o6pa3yanpo- 
3paaHHe  SecniBexHHe  conoJinMepH.  9xh  conoaHMepH  oaniAaaH  oca>K- 
ACHHeM  nexpoaeHHLTM  3(j)HpbM  h3  pacxBopoB  B AHxaopaxaHe. 
B xaSaHAe  npHBeAeHu  neKoxopue  xapaKxepncxHKH  noaniviepa  Me- 
xaKpnaHaxpHsxHarepMaHa  h ero  conoaHMepoB  c MexnaMexaKpuaa- 
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"TOM  11  CTHpOJIOM.  IIOJIHMeTaKpHJIHJITpHaTIIJirepMaH  c XapaKTepH- 
BH3KOCTBK)  ^ 0,51  HMeOT  MOJieKyJIHpHHH  BGC,  paBHHH 
^00  000;  MOJieKyJIHpHMH  BGC  6iJJI  OnpGfl,GJIGH  MGTOAOM  CBCTOpaCCGH- 
MIIH.  ^ , 

nofliiiMep  II  conojiHMepw  MeTaKpHjinjiTpuaTiiarepMaHa 


Ha  BHflHo,  htp  MeTaKpHJiHJiTpHaTHjirepMan  aBjiflexca 

Menee  aKiHBHHM  MOHOMepoM,  aeM  MeTHjmexaKpHjiaT  h cthpoji  no 
OTHomennio  k MeranMeTaKpHJiaiHOMy  a crapoabHOMy  paAHKajiaM 
cooTBeTCTBeHHo.  IIo-BHAHMOMy,  aaMBHa  MeTHJibHoro  paAHKajia  b 
■CJI05KH03$HPH0H  rpynne  MexHjiMexaKpHJiaTa  xpnaxHJirepMHjibHHM 
paflHKajiOM  npHBOAHx  k xaKOMy  HaMenenHio  nojiapnayeMocxH  aboh- 
HOH  CBH3H,  nxo  nocneAHHfl  pearnpyex  c pacxyn];HM  nojiHMepnwM 
paAiiKajiOM  xpyAHee,  hgm  ABonnan  CBaab  b MexnjiMexaKpnjiaxe  hjih 
iB  cxiipojie. 

TepMOMexaHHnecKHe  CBoncxBa  nojiHMepa  MexaKpiumjxxpHaxHji- 
repAiana  n ero  conojiHMepoB  c MexnjiMexaKpnjiaxoM  h cxnpojioM 
oniicaHHHX  B xaSnHAe,  npHBeAeHH  na  pnc.  1.  Ha  axoro  pncynKa 
BHAHO,  nxo  nojiHAiep  MexaKpHJiHjixpnaxHJirepMaHa  paaMnrnaexcH 
npn  oojiee  bhcokoh  xeMnepaxype,  new  nojiHMexHjiMexaKpnjiax. 
LionojinMepH  MexanpiijinjiTpHainjirepMaHa  c MexnjiMexaKpnjiaxoM 
M cxnpojioM  paaMflxnaioxcfl  npn  6ojiee  hh3khx  xeMnepaxypax  ho 
Bce  we  npeBwmaioiAHx  xeMnepaxypy  paaMHrHaHHH  nojiHMeiHJi- 
wexaKpHJiaxa  h nojiHcxnpojia.  IIoBHmeHHe  xeMnepaxypai  paainar- 
'^enaa  noaHMexaKpHaaaxpaaxHarepMaHa  no  cpaBHenaio  c noaaMe- 
xaaMexaKpaaaxoM  Mowex  6hxb  oSbacneno  6oaee  naoxnoa  ynanoB- 
KOH,  BHawBaeMOH  BaaaMOAeacxBaeM  KapSoKcnxpaaxHarepMHabHHx 
rpynn  MewAy  coooio.  XapaKxep  axoro  BaaaMOAeacxBaa  ne  bhhc- 
HeH;  3X0  Mowex  6bixb  ajia  BaaBMOAeacxBiie  caabHHx  Annoaefi  ana 
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COCXaB  HCXOflHOfi  CMeCII  MOHOMe- 
POB,  MOJI.  % 


HHHOHaTop  H ero 
KOH^eHTpa^H^I, 
MOJI.  % 


{b  AHMe- 
THJKpOpM- 
aMMfle) 


CoflepjKaHHe 
Ml  B cono- 
jiiiMepe, 

MOJI.  % 


MeTaKpHjmjiTpii- 
axiiJirepMaH;  100 
To  Hce;  100 


To  H{e;  20 


To  jKe;  20 


— IlepeKHCB  6eH30H-  0,85 

Jia;  0,2 

— llHHHXpHJI  330-  0,51 

H30MaCJIflHOH  KHC- 
JioxBi;  0,5 

MexHjiMe-  IlepeKHCB  6eH30H-  0,44 

xaKpHjrax;  jia;  0,2 

80 

Cxiipoji;  80  ^I;hhhtphji  aso-  ‘ 0,28 

H30MaC.n[HHOH  KHC-  (b  niipH- 
jioth;  0,5  AHHe) 
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accou;iiaii,HH  b pesyjibxaTG  B3anMO/i,GHCTBiifl  Kap6oHH'JiBHOff  rpyiniLr 
OAHOH  noJiHMepHOH  AenH  c btomom  repManiiH  ApyroH  ii;enH.  Bhco- 
Kaa  xeMnepaxypa  pasMar^enHa  conoJiHMepa  ivrexaKpiiJiHJixpHaxiiJi- 
repMana  co  cxHpoJiOM  06'BacHaexca  xaKJKe  BaanMOAeHCXBiieM-Kap- 
GoKCHxpHBXHJirepMHJiBHbix  rpynn  ij;eneii  conoJiHMepa.  B cjiy^ae 
conoJiHMepHsamiH  c MexHJiMexaKpuJiaxoM  BBeAenne  HeaHaaiiTejiB- 
Horo  KOJiH^ecxBa  MexaKpnrajixpHaxHJirepMaHa  b conojiaiviep  npn- 
BOAiix  K noBHineHHK).  xeMnepaxypH  pasMar^eHna.  noBBimeHne 


100  Ye,% 


Phc.  1.  XepMOMexaHHTtecKiie  cBOiicTBa  nojiHMeTaKpiiJiHjiTpii3THJirepMaHa  (2)> 
conojiHMepOB  MeiaKpHaHJiTpHaTHJirepMaHa  c MeTHJiMexaKpiiJiaTOM.  {2)  ii.  cth- 

pojioM  (5) 


nJiOTHocxH  ynaKOBKH  b 3XOm  cjiyaae  npOHCXOAHx,  no-B^iiMOMy . 
BCJieACXBHG  accoi];Han.HH  b peayjibxaxe  BsanMOAeHCXBiia  Jiioobix  Kap- 
6oHHJibHLix  rpynn  oahoh  nojiHMepHon  n;Gnn  c axoMaMn  rGpMaHna-’ 
ApyroH. 

Hbjighhgm  accoAHaAHH  mojkho  o6'i>acHHXb  naoxyio  pacxBopn- 
Mocxb  b oSbiaHbix  pacxBopnxGJiax  noJiHMGxaKpHJiHJixpiiaxiiJirGpMa-^ 
Ha  II  Gro  paCXBOpHMOCXb  B BGEAGCXBaX,  CHOCOShbIX  BSailMOAGHCXBO- 
Baxb  c axoMOM  rapManna  xaK  jkg,  Kan  BsaHMOAencxByGx  KapodHHJib- 
Haa  rpynna  MGXHJiMGxaKpnJiaxa;  k xaKHM  BGmecxBaH . oxHOcaxcn 
aMHJiaAGxax  h AiiMGxnji(J)OpMaMHA.  Mojkho  o6x>acHHXb  hbjighhgm 
accoAHaAHH  xaK  >k6  h xo,  axo  conojiHMGpbi  McxHJiMGxaKpHJiaxa  c 
AHaJIJIHJIAHMGXHJirGpMaHOM  HG  paCXBOpHIOXCa  B 6gH30JIG,  XOJiyOJIG, 
AHXJIOpaXaHG,  XGXpaJIHHG,  MGXaHOJIG,  XOXH  3XH  COnOAHMGpbl  H HG; 
HBJiaiOXCa  XpGXMGpHbIMH,  HXO  BHAHO  H3  pHC.  2,  TAG  HpHBGAeHH  XGp- 

MOMGXaHHHGCKHG  KpiIBblG  COHOJIHMGpOB  ■ paSJIHaHOrO  COCXaBa.  TGp- 
MOMGXaHHHGCKHG  ^CBOHCXBa  3XHX  COHOJIHMGpOB  MaJIO  OXJIHHaiOXCa’ 
OX  xGpMOMGxaHHaGCKHX  CBOHCXB  HOJiHMGXHJiMGxaKpnjiaxa.  9th  CO- 
nojiHMGpH  OHGHb  CHJibHO  Ha6yxaiox  B AHMGXHJI(|)OpaMIIAB  ir  aMHJiauG- 
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Taxe.  ConoJiHMepH  flHajiOTJij^iiMeTHJirepMaHa  co  cxHpojioM,  b koto- 
pux  accoi^napHH  yKaaaHHoro  xnna  HeB03M0®Ha,  pacTBopflioTCH 
B XeX  }KG  paCTBOpHXejIflX,  'ITO  H nOJIHCTHpOJI , H paSMBr^aiOTCH 
npn  6ojiee  hhbkoh  xeMnepaxype,  B:eM  nonHCXHpoji. 


Summary 

Methacrylyltriethylgermanium  has  been  synthesized  and  it 
has  been  shown  that  this  compound  is  capable  of  polymerization  \ 
and  of  copolymerization  with  other  unsaturated  compounds. 

The  polymers  were  investigated  with  the  objective  of 
.ascertaining  the  effect  on  their  properties  of  the  incorporation 
of  the  GeRs  group. 


R es  ume 

On  a synthetise  le  methacrylyltriethylgermanium  et  montre 
que  ce  compose  est  susceptible  de  pO'lymerisation  et  copolyme- 
risation avec  d’autres  composes  insatures. 

Plusieurs  proprietes  des  polymeres  et  copolymeres  obtenus 
ont  eU  4tudiees  dans  le  but  de  determiner  l’influence  d’intro- 
duction  du  groupe  GeR's  sur  ces  proprietes. 
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OJIOBOOPrAHHHECKHE  nOJIHMEPHblE  COEflHHEHHH 

M,  niocmanoecnuu^  C.  Tl,  R a ah  min 
JS,  H.  R om  p e Ae  6 ^ A,  Ronnun^  r,  H.  RysneVfOea^ 

, Jl,  B.  Jlaune^  A,  H.  B o pu  co  6 B.  B.  B o p iiceuKO 

(CCCP)  . . 


OjiOBOopraHHHecKHe  coeAHHeHHii  caMH  no  ce6e  ne  hobh.  OAHaKo 
m nocjieAHee  BpeMH  ohh  npHoSpexaiOT  see  6ojibniee  anaHeHne,  tbk 
KaK  naxoAHT  ninpoKoe  npaMenenne  b paBJinnHux  oSjibcthx  npoMtiin- 
JieHHOCTH. 

IIpHMeHeHHe  nx  kbk  CTa6HJiH3aTopoB  fljia  noJiHBHHHJixjiopHAa, 
paajiHHHHX  CHHTeraaecKHX  xjiopnpoBanHHX  Maceji,  b KanecxBe 
THAHAOB  H HHCeKTHAHAOB,  npOTHBOCTapHTeAGH  HeKOTOptlX  pe3H- 
HOBHX  CMecen  n x.  a*  ninpoKO  naseexHO  na  npoxHJKennH  y>Ke  mho- 
riix  Jiex,  HO  JiHinb  c 1958  r.  b neaaxn  Haannaiox  noHBjiHXbCH  coo6- 
JAeHHH  0 nojiynennH  nojiHMepHHX  coeAHHennH,  coAep)Kani,Hx  ojiobo. 

. AHApnaHOB  h coxpyAHHKH  [1  ] coo6in,HJiH  o nojiyneHHH  hmh  no- 
jiHMepa,  coAep>Kam.ero  ojiobo,  . npn  corHApojiHse  ajiKHJi(apHJi)“ 
rajioHACHJiaHOB  c ahbxhjiahxjiopojiobom. 

Koxoh  h KncejiGBa  0iiy6jiHKpBaAH  KpaxKoe  coo6iu;eHHe  o no- 
JiyaeHHH  hmh  oJiOBOCOAepncaiAHx  MexanpHJiaxoB  12]. 

MoHxepM030  H Apyrne  [3]  a^™  KpaxKoe  coo6ra;eHHe  o xom,  axo 
LMH  HOJiyneHbi  ajiaexoMepH  na  ochobo  6yxHJibHHx  npoH3BOAHbix. 
•OJiOBOCOAepjKaiAHx  MexaKpHJiaxoB. 

HaMH  c KOHAa  1957  r.  BeAyxea  CHCxeMaxnnecKHe  paSoxbi  no  no- 
jiyneHHK)  h Haynennio  cbohcxb  paajiHnnbix  xpHajiKHJi(apHJi)cxaH- 
HHJiMexaKpHJiaxoB,  AHajiKHji(apHJi)cxaHHHJieHAHMexaKpHJiaxoB,  hx 
nOJIHMCpHHX  COeAHHenHH  H npOAyKXOB  COBMeeXHOH  nOJIHMepHSa- 
AHH  C pa3JIHHHHMH  BHHHJIOBbIMH  MOHOMOpaMH. 

noJiyneHHH  nojiHMepoB,  coAepacamiix  ojiobo,  Smjih  CHHxe- 
aiipoBaHH  MOHOMepHHe  coeAHHenHH  (b  nameM  cjiynae  pasjiHHHbie 
xpii-  H AHajiKHJi(apHJi)MexaKpHjiaxbi),  hcxoahlimh  MaxepnaAaMH 
AJih  KOTopHX  cjiyn^ax  xexpaaJiKHJi(apHJi)cxaHHaHbi  hjih  xpn-  h 
AHajiKHJi  (apHJi)  cxannaHraJioreHHABi.  ^jih  nojiynennH  3xhx  hcxoa- 
HBix  MaxepnajioB  b 6ojibinHHcxBe  cjiynaes  nojibsoBaJiHCb  hbbbcx- 
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HOH  peaKu;HeH  FpiiHjbHpa,  npu  KOTopon  bhxoah  npoAyKxoB  He  npe- 
BHmaiOT  50%.  OnyOjiHKOBaHH  ^annHe  o nojiyneHHH  bthx  coe^n- 
HeHHH  no  MeTOAy  JleBnra  na  cnjiaae  ojiobo  — h,hhk  — naxpHii 
[7],  a xaKHce  naxeHXHLie  juaHHue  o cnHxeae  b aBxoKJiaBe  co  cnjia- 
BOM  ojiOBa  H MarHHK  B npncyxcxBHH  pxyxH  iijin  cyjieMu  b KanecxBe 
KaxajiHsaxopoB  [8]  c bhxoaom  50—80%.  IIpHMOH  CHHxea  axnx 
coeAHHeHHH  B nera  no  AaHHtiMCMHxan  PoxoBa[9]  bobmohcgh  jinnib 
HHsmnx  ajiKHjiOB  (Mexnjia).  Bhxoabi npoAyKxoB  HeaHaHHxejibHw. 

HaMH  paapaOoxan  mgxoa  nojiynenna  ajiKnji(apHJi)rajiOHA-’ 
cxannaHOB  b aBxoKjiaBe  c npHivieneHneM  yKcycnoKncjion  pxyxn 
iijiH  KajioMejiH  B KanecxBe*  KaxajinaaxopoB  c bhxoaom  ao  89%, 
a xaKJKe  HenpepuBHbiii  cHHxes  b neaii  b npncyxcxBnn  KaxajiHsaxo- 
poB  H pacTBopnxejien  c bhxoaom  ao  78,5%. 

B xo  speMH  KaK  ajin^axHaecKne  ii  apoMaxiiaecKne  ojioBoopra-  - 
HMHecKne  coeAHHenna  nayaeHH  aobojibho  miipoKO,  h3  ojioboco- 
Aep>KaiAHX  MexaKpnjiaxoB  ao  naninx  pa6ox  6biJi  ^ nsBecxen  xoabKO 
xpHaxHJicxaHHHJiMexaKpnjiax  (C2H5)3SnOCO(GH3) ^CHa , noay- 

aeHHHH  AHAepcoHOM  [10]  peaKAnen  reKcaaxujicxaHHOKcnAa  c Me- 
xnaRiexaKpnjiaxoM  no  ypaBHennio: 

(C2H5)8  SnOSn  (C2H5)3  +2GH2  = G (GH3)  GOOGHs 
^ 2 (G2H5)3  SnOOCG  (CH3)  = GH2  + CHgOCHa 


CBOHCXBa  noayaeHHBix  coeAnneHnn  axox  asxop  He  nccaeAOBaji 
H He  HcnoabaoBaa  nx  am  neayaenna  BHCOKOMoaeKyaapHnx  Ma- 
xepnaaoB.  AHAepcoH  npeAnoaaraa,  axo  MexaKpnaoBaa  nncaoxa 
SyAOT  noaHMepiiaoBaxbca  b ycaoBnax  npoBeAenna  peaKAnn  c rea- 
caaxnacxaHHOKCHAOM  canniKOM  6HCxpo  n oxnasaaca  ox  ontixoB 
C KHCaOTOH. 

Mm  naman  BnepBMe  b 1958  r.  [4],  axo  RiexaKpnaoBaa  imcaoxa 
pearnpyex  c xpHaaKHa(apHa)cxaHHoaaMH  nan  reKcaaaKHa(apHa)- 
cxaHHOKCHAaMH  co6pa30BaHHeM  cooTBexcxByioni;HX  xpHaaKHa(apHa)- 
cxaHHHaMexaKpnaaxoB.  9xo  6Mao  noAXBepjKAeno  h iiocaeAyK)- 
mHMH  paOoxaMH  [5,  6].  PeaKAHH  npoBOAHxca  b boahom  pacxBope 
Han  B cpeAe  oSmhhmx  oprannaecKHx  pacxBopnxeaen: 

RgSnOH+GHa  ==  G(GH3)GOOH  R3S11OOGG  (GH3)  - GH3  + HgO 
R3SnOSnR3  + 2GH  = G (GH8)-GOOH  ^ 2R3S11OOCG  (GHa)-  GHg  + HgO 

AnaaornaHMivi  o6pa30M  pearnpyiox  c MexaKpnaoBon  KHcaoxoii  h 
AHaaKHa(apHa)cxaHHOKCHAM: 

R2SnO+2GH2=C(GHg)COOH^R2Sii(OOGG(GH3)=CH2)2, 

oSpaaya  npn  3xom  ARaaKHa(apHa)cxaHHHaeHAHMeTaKpHaaxM.  PeaK- 
AHH  npoxeaaex  aexKo  c bmxoaom  oaoBOoprannaecKnx  RiexaKpn- 
aaxoB  AO  80%  . Mm  noayanan  no  yKaaaHHHM  peaKAHHM  paaaiiaHHe 

11  McwAynapoAHHfi  ciiMiioanyM,  cchuha:  I ,|p. 
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TpHaJIKHJI  (apiIJl)  CTaHHHJIMeTaKpHJiaTU  H flHaJIKHJI  (apHJl)CTaHHH- 
neHflHMCTaKpHJiaTH,  B KOTOpHX  paflHKaJiaMH  HBJIflIOTCfl  ' 

CH3,  CjHj,  CsH?,  C4H9,  CeHii,  CeHia,'  C7H15,  CgHiv  h CcHg. 

TpHajiKHji(apHJi)cTaHHHjiMeTaKpHjiaTi>i  npe^CTaBjiHiOT  co6oh 
TBepAHG  KpacTajMH'iecKHe  BemecTBa,  pacTBopHMHe  b a^ape, 
6eH30Jie  H Apyrnx  opraHHaecKHX  pacTBopHxejiHx;  nepacTBopaMHe 
B BOAe.  HeKOTopne  CBOHCTBa  nojiyneHHHX  MeraKpajiaTOB  npcA- 
CTaBJIGHH  B TaSjIHAe. 

OiiaHKO-XHMHiiecKiie  cBoficTBa  TpnaiiKDa(apHa)cTaHHiiaMeTaKpiiaaTOB 

RgSnOOCC  (CH3)  = CHg  ii  ^naaiciia  (apHfl)CTaiiiiHaeHHHMeTaKpnaaToii 

RjSn  [OOCC  (CHs)  = CHaJs 


1 MRd 

0 

<DopMyjia 

MA  = OOCC  (CH,)  = CHa 

a 

20 

njp 

d20 

4 

Buqnc- 

JICHO 

HaflACHO 

si 

PQ  0 

(CH3)3  SnMA3 

110 

72,1 

(C3H5)3SnMA 

75,0 

— 

— 





81,0 

(K-C3H,)3SnMAi 

48,5 

— 

— 



83,0 ' 

(K-C4Ho)3SnMA« 

17,0. 

1,4805 

1,5651 

92,87 

92,23 

78,0 

(uao-C4H9)3SnMAi 

10,0 

1,4804 

1,5649 

92,87 

92,20 

80,0 

(w5o-C5Hii)3SnMAi 

15,0 

1,4790 

1,0999 

101,1 

107,5 

78,5 

(H-C6Hi8)3SnMAi 

19,0 

1,4820 

1,0688 

120,2 

120,2 

79,0 

(H-C,Hi5)3SnMAi 

23,0 

1,4844* 

1,0599* 

134,9 

134,4 

77,0 

(C6H5)3SnMA5 

86,0 

— 

— 



65,6 

(CH3)2  Sn  (MA)2 

141,0 

— 

— 



70,6 

(Cg  135)2  Sn  (M.A)2 

137,0 

— 

— 



79,9 

(H-C3H7)a  Sn(MA)^ 

61,0 

— 

— 

— 



81,0 

{w-C4H9)2Sn(MA)^ 

50,0 

— 

1 — 

— 



85.0 

(tt3o-C4H9)aSn  (MA)^ 

36  ;0 

__ 

— 

— 



82,0 

(M30-C6Hn)2Sn(MA)‘ 

75,0 

— 

— 





83,0 

(»-C7Hi5)2Sn(MA)‘ 

21,0 

__ 

— 





76,7 

(k-C6Hi3)2  Sn(MA)2 

1,4939 

1,1981 

112,4 

111.9 

79,7 

(CoH6)2SnMA‘  , 

— 

73,0 

npa  24'’. 


* nojiyHeHLi  BnepBbie.  | 

^ no  JiHTcpaTypHUM  AaHHUM,  T.  nji  140—144°  [11 J. 
“ no  JiHTCpaTypHLiM  jiauuuM,  T.  nji.  122°  [2], 

* no  JiHTepaTypHfciM  naHHUM,  t.- nji.  20— 22°  [2], 

® no  JiHTepaTypHijM  t.  uji.  91—92°  [2].  . 

1G2 
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OjiOBOopraHHHCCKHe  MexaKpMJiaTH  nojiMiviepHayiOTCfl  b npacyx- 
CTBHH  KaiaJIHSaTOpOB  HJIH  663  HHX,  06pa3yH  np03paHHHe  CTeKJIO- 
o6pa3HMe  BemecTBa. 

BHcmne  TpHajiKHJi(apHJi)cTaHHHJiMeTaKpHJiaTbi  h ahbjikhji- 

(apHJl)CTaHHHJieHAHMeTaKpHJiaTH  — BaSKHe,  JKHAKHe  COeAHHG- 
HHH,  Cn0C06HLie  n0JIHMepH30BaTI>CH  npH  KOMHaTHOfl  TGMne- 

paxype  c o6pa30BaHHeM  npoapaTOiix  rejieo6pa3HHX  MaxepHa- 

JIOB. 

BbicoKOMOJieKyjiHpHLie  coeAHHeHHfl,  nojiyneHHHe  naMH  hojih- 
MepH3aii,HeH  ojioBOopraHiiHecKHx  MexaKpnjiaxoB,  npe^cxaBJiHiox 
C060H  BHHHJibHue  nojiHMepLT  M HMGioT  cjiej^yiomee  cxpoenne: 


CHa 


0=0 

I 

OSnRo 


\\=  H,  ajiKiiJi,  a R'  — GHg,  C2H5,  . . . , CgHi?  « C0H5 


OjiOBOopraHH^ecKue  MexaKpHJiaxm  h AHMexaKpnjiaxH  conoJiHMe- 
pnayioxcH  c pasjiHHHtiMH  MOHOMepaMH  xaKHMH,  KaK  MexHJiMexa- 
KpHJiax,  cxHpoji,  aKpMJioHHxpHJi,  ii,HKJioneHTaAHeH  H X.  A.  c o6pa’ 
aoBaHHeM  npoapanHHX  xbgpahx  hjih  mhxkhx  MaxGpaajiOB  b 3aBH- 
CHMOCXH  ox  HCXOAHHX  MOHOMGpOB. 

IIojtHMGpHsaAHK)  II  conoJinMGpn3ai];HK)  mo>kho  npOBOAHXb  KaK 
6jio^hhm,  xaK  h BOAHo-aMyjiBCiionHbiM  nyxGM  hjih  b cpGAe  pacxBO- 
PHXGJIH. 

COBMGCXHaH  nOJIIIMGpH3aAHH  XpHaJIKHJl(apHJl)cxaHHHJIM6Xa- 
KpnjiaxOB  H AHaJIKHJl(apHJl)CXaHHHJIGHAHMGXaKpHJiaXOB  C BHHHJIO- 
BMMH  MOHOMGpaMH  HSyHaJiaCb  HaMH  Ha  npHMCpaX  XpH3XHACXaHHHJI- 
MGxaKpHJiaxa  h cxnpojia,  a xaK>KG  AH3THJicxaHHHJi6HAHMGxaKpHJiaxa 
H AH6yxHJicTaHHHJieHAWMGxaKpHJiaxa  co  cxnpoJiOM.  Kohghhhg  npo- 
AyKXH  COnOJIHMGpH3an;HH  HGpaCXBOpHMH  B 6gH30JIG,  B XO  BpGMfl 
KaK  nOJIHMGpU  HHCXHX  xpHaJIKHJICXaHHHJIMGXaKpHJiaXOB  HaCXHHHO 
paCXBOpHMbI  B 6gH30JIG. 

Hpil  OnpGAejIGHHH  COnpOTHBJIGHHfl  yASipy  COnOJIHMGpa  XpHSXHJI- 
cxaHHHJiMGxaKpnjiaxa  c MGXHJiMGxaKpHJiaxoM,  HO  J],Hncxaxy,  6hjih 

noJiyHGHLi  cjiGAyioiAHG  3HaHGHHH:  8,33;  7,36;e/'/c^^;  xBGpAocxb  no 
BpHHGJiK)  (npii  HarpysKG  25  Ka)  cocxaBHJia— 26,5;  26,5;  31,8  kF Imm?. 

McnbixaHHH  AnaJieKxpnHGCKHX  cbohcxb  gxo  a^Jih  cjiGAyioiAHG 

pG3yjibxaxbi. 

yAGJIbHOG  nOBGpXHOCTHOG  COnpOXHBJIGHHG  1,4-10^^  0^,  yAOJIb-; 
hog  o6t>gmhog  conpoxHBJiGHHG 3,0  ‘10^^  OM'CM^  tg  yrjia  ahgjigkxph-., 
HGCKHX  HOXGpb  HpH  10®  aif  0,027,  HpH  50  0,037,  AHaJieKXpiIHGT 

CKaa  npoHHAacMOCxb  npn  10®  aif  4,3,  npH  50  ei]  5,0,  cpgahgg  npo6nB“: 
HOG  Hanpaa^GHUG  13,5  nejMM,  ^ 
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IlpH  Hsy^eHHH  BOflonoraomeHHH  oSpaai^a  Gmjio  ycxaHOBjieHo, 
HTO  HHKaKHX  BHflHMBix  H3MeHeHHH  HO  npoHsoiujTo  Hocjie  npeSHBa- 
HHH  o6pa3J^a  B TeHeHHe  13  MecflB[eB  b-  flacTiijuiiipoBaHHOH  BOfle. 

KpoMe  BHnieynoMHHyxHX  ojtOBOopraHHHecKHX  MexaKpHjia- 
xoB  HaMH  6mjih  nojiyqcHBi  cmojibi  npn  BBaHMOflencxBHH  reKcaaxwji- 
cxasHOKCH^^a  (C2H5)3SnOSn(C2H5)3  h anaxiuicxaHHona  (G2H6)2SnO 
c xjiHi^HflHBiM  cniipxoM,  a xaKffie  npH  BaaHMOAeficxBHii  9(J)HpoB 
p-Ha(j|)xojia  HjiH  peaopAHHa  h xpHainjicxanHOJia  c (j[)opMaJiBAerHAOM. 
HayneHne  cbohcxb  3thx  cmoa  npoflOJiH?aexcHi. 
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Summary 

Organotin  monomers  and  polymers  are  becoming  of  increasing 
importance.  They  are  suggested  for  use  as  insectifungicides,  sta- 
bilizers of  polyvinylchloride  resins  and  paints,  as  special  purpose 
rubbers,  anti-mould  chemicals  for  wood  and  textiles,  antihel- 
minthics, etc. 

Of  considerable  theoretical  and  practical  interest  are  organo- 
tin polymeric  materials. 

In  the  report  the  results  are  described  of  studies  carried  out  in 
the  Laboratory  of  Vinyl  Compounds  of  the  Institute  of  Organic 
Chemistry  of,  the  Academy  of  Sciences,  USSR  and  in  the  Plastics 
Institute  of  the  State  Committee  on  Chemistry  of  the  Council  of 
Ministers,  USSR.  The  syntheses  of  a number  of  organotin  poly- 
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mers  have  been  developed,  in  particular,  of  the  organotin  polymeth- 
ylmethacrylates from  trialkyl/aryl  stannylmethacrylates  RgSn — 
0C0(CH3)==GH2  and  dialkyl/aryl  stannylenedimethacrylates 
R2Sn(OCOC(CH3)=CH2]2  and  of  copolymers  on  their  basis. 
The  high  molecular  compounds  obtained  by  polymerization  of 
the  organotin  esters  are  a new  class  of  vinyl  polymers  with  the 
structure: 


H 

C113 

j 

— CHo  — C — 

rnd 

j 

~CH2  — C~C--  0 

i 

1 II 

■ CO. 

L 0 

I 

OS.T1B3J 

-11  ' 

\\  GHg  -1 

I . I 

— Sn  — 0 — C — C — CH2 — 

• I !I  I ■ ■ ■ 

!l  - 0 Jn 

Organotin  esters  copolymerize  with  various  unsaturated  mono- 
mers such  as  methylmethacrylate,  styrene,  acrylonitrile,  cyclo- 
pentadiene,  etc.  The  copolymers  are  mechanically  strong,  trans- 
parent materials.  They  represent  considerable  barriers  to  the  pas- 
sage of  x-rays. 

The  organotin  esters  R3SnOCOC(CH3)=GH2  and  RsSnIOGOG 
(GH3)=GH2l2  containing  the  alkyl  radicals  R-amyl,  hexyl 
and  higher  groups  polymerize  already  at  room  temperature 
in  the  absence  of  catalysts  to  form  soft  and  elastic  polymeric  ma- 
terials. 

In  the  report  a number  of  properties  are  discussed  of  another 
class  of  organotin  polymers,  namely,  dialkyl/arylstannanes 
(R2SnO)a.  It  is  suggested  that  they  are  high  molecular  compounds. 
Their  X-ray  diagrams  and  the  results  of  other  physico-che- 
mical analyses  are  examined.  A study  of  their  Debye  crystallo- 
grams  showed  that  they  have  a regularly  oriented  structure.  They 
are  highly  reactive  and  are  sources  for  the  preparation  of  new  or- 
ganotin compounds  and  of  a number  of  organotinelement  com- 
pounds, such  as  organotinsilicon,  organotinlead  and  other  deriva- 
tives. Some  of  their  physicochemical  properties  are  described. 


Resume 

Dans  le  rapport  sont  exposes  les  resultats  des  etudes,  effectu- 
ees  au  laboratoire  des  vinyles  de  ITnstitut  de  Ghimie  Organi- 
que  de  I’A.  S.  de  I’URSS  et  a ITnstitut  des  Plastiques  du  Gomit6 

M'ii 
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d*  Etat  du  Conseil  des  Ministres  de  Chimie.  On  a elabore  les  synthe- 
ses de  certains  composes  d^etain  organique  monomeres 
et  polymeriques,  notamment,  les  polymethylmethacrylates 
d’etain  organique  a partir  trialcoyl  (aryl)-stannilmethacrylates 
R3SnOGOC(GH3)=CH2  et  dialcoyl(aryI)-stannilenedimethac- 
rylates,  aussi  qu’on  a obtenu  sur  leur  base  les  copolymeres.  Les 
produits  a haut  poids  moleculaire  obtenus  par  polymerisation 
des  esters  organostanniques  presentent  * une  nouvelle  classe  de 
polymeres  vinyliques  et  ont  la  structure: 


R 

GH3 

R 

CH3 

r ' I ^ 

-GH2-G- 

et 

r I 

— CHa  — G — C- 

j 

-OSti 

— OG 

j 

— C — CHa  — 

L I J 

n 

l.  I II 

I 

!! 

I J 

GO 

0 

R 

0 

I 

OSnRa 


Les  esters  se  copolymerisent  avec  de  divers  monomeres  insa- 
tur&:  methylmethacrylate, styrolene,  acrylonitrile,  cyclopehtadie- 
ne  et  quelques  autres.  Les  copolymeres  presentent  des  materiaux 
trahsparents,  mecaniquemerit  solides.  Les  esters  organostanniques 
R3SnOGOG(CH3)=GH2  et  R2Sn[OGOG(GH  )=GH2]2  contenant 
les  radicaux  alcoyles  R-amyle,  hexyle  et  superieurs  se 
polymerisent  deja  h temperature  ordinaire  sans  catalyseurs. 

Dans  le  rapport  on  a eclairci  quelques  proprietes  d ’autre 
classe  des  polymeres  organostanniques  — dialcoyl  (aryl)  stanna- 
nes  R2SnO. 

On  suppose  qu’ils  presentent  des  composes  a haut  poids  mole- 
culaire. Leurs  radiogrammes  et  les  resultats  d ’autres  recherches 
physico-chimiques  ont  et6  envisages.  L’ etude  de  leur  Debaygram- 
mes  temoigne  de  leur  structure  correcte  orientee.  Ils  ont  une 
tres  haute  reactivite  et  composent  une  source  pour  robtention  de 
nouveaux  composes  organostanniques  et  plusieurs  composes 
etain-elementoorganiques,  par  exemple,  silicoetainorganiques, 
germanium-etainorganiques  et  d’ autres  derives.  Leurs  certaines 
proprietes  physico-chimiques  sont  decrites. 
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B.nHflHHE  XHMHHECKOrO  CTPOEHHH 
HA  CnOCOBHOCTb  K nOJIHMEPH3Ari;HH 
HEHPEAEJIbHWX 

METAJlJIOOPrAHHHECKHX  COE^HHEHHH 

>/.  M,  Romon^  T.  M,  K n cejie  o a,  0,  C.  0 .to  puncn  tiu 

(CCCP) 


]Xo  HacTOHmero  BpeMenn  . nojiHMepHsauiHfl  HenpeAeiibHHx  Me- 
TaJIJIOOpraHOTGCKHX  COeAHHGHHH  HSy^eHa  HGAOCTaxO^HO,  HeCMOTpa 
Ha  TO,  HTO  nojiyaeHHe  MeTajiJicoAep>Kain;HX  nojiHMepoB  HMeeT  6ojii>- 
raOH  TGOpeTHHeCKHH  H HpaKTHHeCKHH  HHTGpeC  (oJIOBOOpraHOTeCKlie 
KayayKH  a Ap.)*  Jlanib  HeAaBHO  onacano  nojiyneHne  HeKOTopMX 
ojiOBOopraHHaecKHx  noJiHMepoB  [1 — 4]  h conojiHiviepoB  TpHMeTHJi- 
ajiJiHJirepMaHa  co  cxHpojiOM  noA  bhcokhm  AaBjieHHeM  [5].  Ha  ne- 
MHorHx  jiHTepaTypHwx  asihhhx  [6,  7]  naBecTHO  o cymecTBOBaHan 

pTyTbCOAep>Kain;HX  nojiHMepoB. 

HaMH  HCCJieAOBana  chocoShoctb  k nojiHMepn3aii;HH  h cohojih- 
MepnaaAHH  paajiHaHtix  ajiJiHJibHtix  a BHaajibHbix  apoaaBOAHHX 
ojioBa  a cBHHn;a,  MeTaKpajiaxoB  a-  aapajiaxoB  opranaaecKax  coe- 
AaaeHHH  oJiOBa,  CBHHii;a,  pxyxa  a paA  MexaJiJicoAepacaiAax 
cxapojiOB. 

IIoJiHMepaaaAHfi  Baanjibiibix  a ajijiajib- 
HMX  apoaaBOAHbix  ojiOBa  a CBHHn;a.  B o6mh- 
HHX  ycJioBaax  ajiJiajibHbie  coeAHHenaa  oJioBa  a cBHHH.a  a 
BHHajibHHe  coeAHHeHHH  ojiOBa  He  nojiaMepaayioxcH  a oaa- 
auBaiOT  HHraSapyiorAee  AGHCxsae  aa  noJiHMepHaan;aK)  BanaAb- 
HHX  MOHOMepOB  (cXHpOA,  MeXHAMexaKpHAax).  9{J)(|)eKT  HHra- 
6HpoBaHaH  Boapacxaex  c yBeAHaenaeM  aacaa  aAAHAbHHX  a 
BHHHAbHbix  rpyna  b MOAeKyae  MexaAAOopraHaaecKoro  cogah- 
HGHaH.  AAAHAbHHG  coGAaHGHafl  OAOBa  HBAHioxcfl  6oAee  a^^GK- 
THBHHMH  aHrH6axopaMH  noAaMepaaaAHH,  aeM  cooTBexcxByK)n];ae 
BaHHAbHHG  coeAHHGHHH.  HayaGHHG  TepMaaecKOH  cxaSaAbHocxa 
aAAaAbHHX  a BanaAbHHx  aponaBOAHux  oaobb  noKaabiBaex,  axo 
nOCAGAHHG  HBAHIOTCH  SOAGG  yCTOHAHBMMH,  T.  G.,  aAAHAbHLia  pa- 
AHKaA  oxn];enAHexcfl  ox  axoMa  oAOBa  Aerae,  hgm  BHHHAbHbiH  paAH- 
KaA.  3xnM,  HO-BHAHMOMy,  o6x>flCHHeTCH  6oAbm’aH  3(jK|)eKx  aara- 
6HpOBaHHH  aAAHAbHbIMH  COeAaHGHHHMa  OAOBB.  IIo  CBOGMy 

1()7 
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HHriiSHpyiomeMy  fleacTBuio  na  nojinMepnaapHio  bhhhjibhhx  moho- 
MepoB  HenpeflejiBHHG  coeflHHeHHH  ojiOBao6pa3yK)TCJieflyiomiiHpHfl: 
TeTpaajIJIHJIOJIOBO^TeTpaBHHHJIOJIOBO  > BJIJIHJITpHMeTHJIOJIOBO  ]>  a.II- 
JIHJITpH(J)eBn0[JIOJIOBO  > BHHHnTpH(|)eHHJ10JI0B0 . 

y Henpefle^ibiiux  MeTajuioopraHHiecKHx  coeflHHeHHH,  b koto- 
pux  BHHHJibHHe  rpynnbi  CBHsaHbi  c axoMOM  Mexajijia  nocpeacTBOM 
nojiHpHOH  rpynnbi  hjih  nepea  Genaojibnoe  KOJibito,  mh  Ha6jiK)flaeM 
flpyrne  aaKonoMepnocxH  b npoxeKannH  npoi];eccoB  nojiHMepnaaimH 
H conojiHMepHaai^Hii. 

IIojiHMepHaai^Hfl  MexajijicoflepjKamux 
anpujiaxoB  n MexaKpnnaxoB.  HaMH  BnepBue  ^ 
nojiynefibi  nojinMepnayioiipiecH  MexanpiiJiaxH  (aKpnjiaxbi)  xpn- 
ajiKHn(apHJi)npoH3BOflHbix  ojioBa  [2],  MexaKpnjiaxbi  (aKpnjiaxbi) 
xpH(|)eHHjiCBHHpa  H (J)eHHjipxyxH.  CnHxea  Mexajijicoj];ep)Kani;HX 
aKpnjiaxoB  n MexaKpnjiaxoB  ocymecxBjiHjin  BaanMOflencxBneM  co- 
oxBexcxByionpix  MeiajijioopraHnnecKHX  rnApooKHcen  oGmieH  $op- 
Mynw  R„_iMe"OH  n MexaKpnjioBoii  (aKpnjioBon)  khgjioxh  b ape- 
TOHe  lijrn  cniipTe  no  o6ni;eMy  ypaBnennio: 

+ Clh  = GR'COOH  CH2  =CR'COOMe^R^_j  -f 
^;^e  R — CeHs,  CHs;  C2H5;  C4H9;  R'  — H;  CH3;  Me — Hg,  Pb,  Sn. 

MeTajijicoAepncamne  aKpHjiaTH  n MeTaKpHJiaxLi  npe^CTaBjiHiOT 
CODOH  6ec^BeTHHe  KpHCTajuinnecKne  Ben^ecTBa,  pacTBopHMHe  b 
oprannnecKHX  pacTBopHTejinx. 


CBoiicTBa  aKpnaaTOB  ii  inexaKpHaaTOB 


' BeinecTsa 

T.  nji.,  “C 

MexaKpHaaT  ^emuipTyTH  . . . 

48—50 

AKpujiax  ^GHHJipTyTir  .... 

89—90 

MexaKpHjiaT  TpH({>eHiiJiCBHHn;a  . 

115—117 

Anpajiai  TpH(|)eHnjiCBBHaa  . . 

201—203 

MeTanpiijiaT  TpH(j)eHBJiojiOBa  . . 

85—86 

AnpujiaT  Tpn^eHBJioJiOBa  . . . 

150—151 

MexaKpHjiaT  Tpn(w-6yTH:i)ojioBa 

20—22 

AKpimax  Tpn  (H-Syiiijr)  ojiOBa 

69—70 

MexajijicoAepjKamne  aKpnjiaxbi  n Mexa.KpnjiaxH  jierKo  nojiHMe- 
pnayioTCfl  b SnoKe  n b pacxBope  n conojiHMepHsyioxcH  co  cinpojioM 

Soirpr'"’’"”’”' ' nposp^z  c " 
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^Jlfl  IICCJieAOBaHHH  CnOCOOHOCTH  K nOJIHMepHSaAUH  MCTajlJI- 
coflepwamax  MeTaKprajiaiOB  6HJia  Hayaena  KHHeiHKa  noJiHiuepH- 
aaAHH  0,3  M pacTBopoB  b xojiyojie  b npHcyTCTBHH  0,25%  ahhht- 
pHJia  aaonaoMacjiHHOH  khcjiotbi  AHJiaTOMexpiiaecKHM  mbtoaom  npa 
65,  80  H 105°.  noKaaaHO,  axo  MexajiJicoAepjKamne  MexaKpHnaxM 
nomiMepHayioxcH  anaaHxejibHO  nerHe,aeM  MexHJiMexaKpHJiax(pHC.l). 
B aasHCHMOcxH  ox  npiipoAH  Mexajijia,  BXOAflmero  b cocxas  Jiexa- 


KpHJiaxa,  Ha6jiK>AaiOTCH  aaMexHtie 
pHaapHH. 


4 


8peMfi,MUH 


Phc.  1.  KiiHGTHKa  riojiiiMepH3auHJi 
MexaJiJicoAepjKamiix  MeraKpHJiaxoB 

npir  80°. 

i — MeinjiMeTaKpiijiaT,  2 — MeTaiipiuiaT 

Tpn$eiiiiJiCBiiHaa , 3—  MeTaKpiuiax  TpH^enn.^' 
ojiOBa,  4 — MeiaKpHJiaT  $eHHjipTyTii . 


paajiiiHHfi  B cKopocTHx  nojiHMe- 


Flic.  2.  KimexiiKa  nojuiMepHaauHM 
MexaJiJicoAepH<amiix  ' cxHpojiOB- 

iipii  80°. 

1 — CTlIpOJI,  2 — TpH$eHHJinJIK)M6HJI- 
CTiipoJi,  3 — Tpn(J)oinijicTaHHnjiCTHpOJi 


Msy'ieHHHe  MeTajijicoAep>Kaiii,He  MexaKpHJiaTw  no  cKopocTit 
noJiHMepH3aij;HH  oOpaayioT  cjieAyioii],HH  paa:  MexaKpuJiaT  (J)eHiiji- 
pxyTH,;MexaKpHJiaT  xpii(J)eHiiJiojiOBa;MeTaKpHJiax  xpii^eHiiJiCBHHu.a/ 
MeTHJiMexaKpHJiax.  HHxepecHo  oxMexiixb,  nxo  yAJiHHemie  ajiKHJiL- 
Horo  paji,nKajia  b ojiOBOCOAepjKam^HX  MexaKpiiJiaxax  oKasHBaer 
BJIHHHHG  Ha  CBOfcXBa  HOJiyHaOMBIX  HOJlIIMepOB.  TaK,  eCJIH  Mexa- 
KpHJiaxH  xpHMexHJi(axiiJi)ojiOBa  npe^cxaBJiHiox  co6oh  xpep^He  cxeK- 
jiooSpasHHe  nojiiBiepH,  to  MexaKpiiJiaT  TpH6yTiiJi0Ji0Ba  nojiyHaexcH 
B BM^e  npospaHHoro  6ecii;BeTHoro  ajiacTiiHiioro  rejiH. 

IIoJiHMepBi  MexajiJicoflepH^aipnx  MexaKpHJiaxoB  ii  aKpiiJiaxoB 
HBJiHioTCR  xepMiiHecKH  cxaSiiJiBHLiMii  coeAHHeHHHMH.  HanSoJieo 
lepMOCTOilKHMII  HBJIHIOTCH  nOJIHMepH  OJIOBOCOAepH<an],HX  Mexa- 
KpHJiaxoB  H aKpHJiaxoB,  HaHMenee  ycxonHiiBtiMH  — nojiHMepH  aKpn- 
jiaxoB  H MeiaKpHJiaxoB  ^eHHjipxyxH,  pacnaAaioinHecH  npn  250°' 
c BHAeJieHHeM  MeTaJuinnecKOii  pxyxH. 

■l6^> 
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nojiHMepii3au;nH  MeTajiJicoAopjK  a m.H  x 
<5  T H p 0 JI  0 B.  HobHMH  COeAHHGHHflMH  HBJIHIOTCH  TaKJKG  MeTaJIJI- 
•coAepHcamne  crapcjiH.  HaMH  BnepBHe  CHETeanpoBaHu  b ycjioBHax 
peaKAHH  JlH6pHKa  h PeMCAena  I8]  pTyTb-  ii  CBHHeii;coAep>Kaiii;He 
CTHpojiH  B TeTparHApo(|)ypaHe  [9]  no  o6iii;eH  cxeMe: 

GH2  - GHCaH4MgHal  + (G6H5)^_jMe^Hal 
^ GH2  - GH  G6H4Me^(CflH5)^_i  + MgHala 

(DeHHJi-/i-BHHHji$eHHJipTyTb  CH2==CHG6H4HgC6H6  oSpaayeT  6ec- 
ABeTHbie  KpHCTajijiLi  c T.  nji.  84 — 86°,  pacTBOpHMHe  b 6eH30Jie  h cirnp- 
Te.  TpH(|)eHHJiiiJiK)M6HjiCTHpoji  CH2=CHGoH4Pb(G6H5)3  obpaayex 
SecABeTHue  KpHCiajuiH  c t.  hji.  88—90'',  pacxBopHMHe  b oprann- 
aecKHx  pacTBopHTejiHx.  KpoMe  xoro  6i>iji  CHHxesHpoBaH  xpH(j)eHHji- 
<jxaHHHjicxHpoji  GH2=GHG6H4Sn(G6H5)3  c x.  nji.  102—105°  [8] 
C AGJIbK)  H3yHeHHH  6X0  CHOCoShOCXH  K nOJIHMGpHaaAHH. 

VKaaaHHHe  MexajiJicoAepjKaiAne  cxnpojiH  ,jierKO  nojiHMepnay- 
K)XCH  H COnOJIHMepH3yK)XCH  C BHHHJIbHHMH  MOHOMGpaMH  B yCJIOBH- 
Hx  paAHKajibHOH  noJiHMepHsaAHH.  G Aeabio  HayneHiiH  bjihhhhh 
npHpoAH  Mexajijia,  BxoAflmero  b cocxaB  aaMemennoro  cxnpojia 
Ha  cnocoSHocxb  k noJinMepHaamnn,  SbiJia  Hayaena  KnnexHKa  hojih- 
MepnaaAHH  0,3  M pacxBopoB  xpH(J)eHHJinjiH)M6HJicxHpojia  h xpn- 
^GHHJicxaHHHjicxHpojia  B xojiyojie  B npHcyxcxBHH  0,25%  ahhhxph- 
Jia  aaoHaoMacjiHHoii  khcjioxh  AHJiaxoMexpHAecKHM  mgxoaom  hdh  65 
80  H 105°.  . 

Ha  ocHOBaHHH  pesyjibxaxoB  nsynennH  KnnexHKH  nojinMepnaa- 
AHH  paccHHxaHH  sHaneHHH  anepraii  aKXHBaAHH  MexajiJicoAepHcamnx 
cxHpojiOB.  Ohh  OKasajiHCb  paBHbi  ajih  xpH^eHHJicxaHHHJicxnpojia 
13,4  + 0,5  KKajilMOM,  ajih  xpH^eHHJinjiioMSiiJicxHpoaa  15,0+ 
0,8  KKajijMOjihj  ajih  cxHpojia  20+0,5  majilMOJih. 

^aHHHe  KHHeXHKH  nOJIHMepH3aii;HH  H paCCHHXaHHHe  3Ha^eHHH 
BHepruH  aKXHBaAHH  noKasHBaiox,  hxo  MexajiJicoAepHcani;He  cxh- 
poJiBi  nojiHMepH3yK)xcH  3HaHHxejibHo  jier^e,  hbm  HeaaMemeHHtiH 
-cxnpoji  (pnc.  2). 

Ho  CKopocxH  HOJiHMepHsaAHH  HayneHHHe  aaMeipeHHbie  cxHpojibi 
o6pa3yiox  cjieAyioiniHH  pha:  xpn^eHHjicxaHHHjicxHpoji  > TpH4)eHHji- 
hjiiomShjicxhpoji  > cxnpoji. 

MexajiJicoAep>KarAHe  cxHpojiH  hbjihioxch  xepMH^ecKH  cxaSnjib- 

HLIMH  COeAHHeHHHMH.  HanboJIbHieH  XepMHHGCKOH  CXaSHJIbHOCXbK) 
oOjiaAaGX  OJiOBOCOAepjKan^HH  3aMGn],GHHHH  cxnpoji,  naHMGHb- 
men  — pxyxHoopraHHHGCKHH  cxnpoji.  TaKHM  oSpaaoM,  no  cbogh 
XepMHnGCKOH  CXaOnJIbHOCXH  OHH  oSpasyiOX  CJIGAyiOHi;HH  pflA*  XpH- 
•^GHHJICXaHHHJICXnpOJI  ^ XpH^GHHJinJIIOMbHJICXHpOJI  > (J)GHHJI-W- 
BHHHJI$GHHJipxyXb . 

npH  nayneHHH  nojiHMGpnaaAHH  $GHHji-n-BHHHJi(|)GHHjipxyxH 
{!)  6hjio  o6Hapy>KGHo  hbjighhg  AHcnponopAHOHHpoBaHHH  I 
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c o6pa30BaHHeM  AH^eHHJipxyxH  m hobofo  iienpeAeJibHoro  pxyxiio- 
opraHii^ecKoro  coeAHHeHHfl  — 5wc-(;i-BHHiiJi^eHHJi)pxyxn  (II;* 

2CH2  = CH  GbHi  Hg  CeHs 
(C8H5)2  Hg  -j-  CH2  = CH  C6H4-Hg  C0H4  CH  CM.. 


CoeAHHCHHe  n OHeHb  jierKO  noJiimepHayexcH  c oSpasoBamieM 
HepacxBopHMoro  u‘  nennaBKoro  npocxpancxBeHHoro  nojiiiMepa  III 


CH2 

I 


111 


Ih. 


’ riojiHMep  III  ycxoHHitB  AO  250^;  npii  6pJiee.  BticoKOii  xeMnepaj 
Type  OH  xeMHeex  n pacnaAaexcH  c BHA^JiGHiieM  MexajiJiHHecKoii 
pxyxH. 

^jiK  AOKSiaaxejibcxBa  iipaBHJibHocxH  axoro  npeAnojioKeHHH 
StiJia  ciieii,HajibHO  cunxeanpOBana  6wc-(7i-BiiHHLji4)eHHJi)pxyxb  II 
BaaiiMOAOHCXBiieM  xjiopHCxoro  n-BHHHJicj)eHHJiMarHiia  c SpoMHOH 
pxyxbH)  B xexparHApo$yp^HO’>  OHa  HBJiHexca  6ecij|BexHiiiMH  KpH- 
'CxajiJiaMH  c T.  HJi.  140 — 145°,  MoHOMep  II  jierKO  nojinMepnayexcH 
c oSpaaoBaHHeM  noJiHMepa,  HMeiomero  xaKoe  >Ke  cxpoemie,  kbk  h 
III,  T.  e.,  xaKoe  >Ke  KaK  nojiHMep  npoAyKxa  AHcnponopi^HOHHpoBa- 

HHH  $eHHJI-n-BHHHJI(|)eHnJIpXyTH. 

Peayjibxaxbi,  nojiyaeHHbie  npH  nayaeHHH  chocoShocxh  k hoah- 
MepH3an;Hii  HenpeAGJibHbix  MexaAJioopraHHTecKHx  coeAHHeHnn, 
noKasLiBaiox,  axo  MexajiJicoAop^KaiAiie  cxiipojibi  h MexaKpHJiaxM 
noJiHMepHayioxcH  jierae,  hgm  HeaaMemeHHLiH  cxiipoji  n RiexHJiMex- 
.aKpHJiaX,  B XO  BpeMfl  KBK  aAJIHJIbHLie  H BIIHUJIbHUe  npOHSBOAHbie 
OAOBa  H CBiiHii;a  He  cnoco6Hbi  k nojiHMepH3ai],HH. 

TaKHM  o6pa30M,  nenocpeACTBeHHaH  CBHSb  MBTaJUia  (ojiobo, 
-CBHHeil,)  C BHHHJIbHOH  HJIH  aJIJIHJIbHOH  rpyHHOH  HpeHHXCXByeX  no- 
jiHMepHBaAHH  coeAHHeHHH  xaKoro  xHna  h bxh  coeAHHenna  aBJia- 
K)XCa  HHrH6HXOpaMn  nOTHMepHSaAIIH  BHHHabHLIX  MOHORiepOB. 
B xoM  cjiyaae,  KorAa  Me>KAy  bukhabhoh  rpynnoH  n axoMOM  Mexaji- 
jia  (oaoBO,  CBHHen;,  pxyxb)  naxoAnxca '6eH30JibHoe  KoabAO  nan  no- 

aapnaa  rpynna  | — ^\o  )’  OaaronpHaxHbie  ycaoBHa 

Aaa  SbiCTpOH  noaHMepHsaii^HH  xaKnx  nenpeAoabHHX  Mexaaaoopra- 
HnaecKHX  coeAHHeHHH  11  ohh  aerKO  Bcxynaiox  b peaKAHU  conoan- 
AiepHSaAHH  C BHHUabHHMH  MOHOMepaMH, 
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Summary 

The  synthesis  of  metal-containing  polymers  is  of  considerable 
theoretical  and  practical  interest  (organotin  rubbers,  etc.).  We 
have  investigated  the  polymerization  and  copolymerization  ca- 
pacities of  various  allyl  and  vinyl  derivatives  of  tin  and  lead,, 
of  tin,  lead  and  mercury  methacrylates  and  of  a number  of  me- 
tal-containing styrenes.  It  has  been  shown  that  the  allyl 
derivatives  of  tin  and  lead  and 'the  vinyl  derivatives  of  tin  do 
not  polymerize  under  conditions  of  radical  polymerization 
and  have  an  inhibiting  effect  on  the  polymerization  of  vinyl 
monomers  (styrene,  methyl  methacrylate).  The  inhibiting  effect 
increases  with  the  number  of  allyl  and  vinyl  groups  in  the  orga- 
nometal  molecule,  the  allyl  compounds  of  tin  being  more  effective 
than  the  corresponding  vinyl  derivatives.  In  respect  of  their 
inhibiting  action  on  the  polymerization  of  vinyl  monomers  the 
compounds  forni  the  following  series:  tetraallyltin  ^ tetravi- 
nyltin  > allyltrimethyltin  > diallyldiphenyltin  > allyltri- 
phenyltin  > vinyltri  phenyl  tin  > vinyltrimethyltin.  Another  re- 
lation is  found  in  the  case  pf  organo-metallic  compounds  where 
the  vinyl  group  is  bound  to  the  metal  atom  tlirough  a polar  group 

j or  benzene  ring. 

We  have  shown  that  the  acrylates  and  methacrylates  of  aryl- 
and  alkyl  derivatives  of  tin,  lead  and  mercury  easily  polymerize 
and  copolymerize  with  vinyl  monomers. 
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New  compounds  also  ai'e  the  metal-containing  styrenes.  We  have 
synthesized  for  the  first  time,  under  the  conditions  of  a Leeb- 
tick — Ramsden  reaction,  mercury-  and  lead-containing  styrenes. 
We  have  investigated  for  the  first  time  the  polymerization  and 
copolymerization  as  well  as  some  properties  of  the  following 
metallated  styrenes:  jo-phenylmercurostyrene,  p-styrenetriphe- 
nyllead,  p-styrenetri  phenyl  tin. 

The  compounds  easily  polymerize  and  copolymerize  with 
vinyl  monomers  under  conditions  of  radical  reaction. 

A study  of  the  reaction  kinetics  showed  that  the  metallated 
styrenes  polymerize  at  greater  rates  than  unsubstituted  styrene. 
In  accordance  with  their  thermal  stability  the  metal-containing 
styrenes  arrange  themselves  in  the  following  order:  Sn  > Pb  > 
> Hg. 

In  studies  on  the  polymerization  of  />-vinylphenylmercury 
disproportionation  was  found  to  take  place,  leading  to  the  for- 
mation 'of  the  symmetric  divinyl  derivative  of  diphenylmercury 
(I)  and  of  diphenylmercury  (II).  Specially  synthesized  Bis-p- 
vinyldiphenylmercury  (I)  was  found  to  polymerize  easily  with 
the  formation  of  an  insoluble  three-dimensional  polymer,  not 
melting  up  to  250°  and  decomposing  above  this  temperature 
with  the  liberation  of  metallic  mercury.  The  polymer  of  (I)  evi- 
dently has  the  structure 

— CHa  — CH  — 


— CH  — CHa  — 

As  a result  of  the  investigation  it  has  been  shown  that  there 
is  a considerable  difference  in  the  polymerization  capacity  of 
unsaturated  organometal  compounds  and  in  the  properties  of 
the  polymers  and  copolymers  formed,  depending  upon  the  na- 
ture of  the  bond  between  the  vinyl  group  and  the  metal  atom. 


Resume 

, L’obtention  des  polymeres  metallorganiques  presente  un  grand 
interet  theorique  et  pratique  (caoutchoucs  organostanniques, 
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etc.).  Nous  avons  etudie  1 ’aptitude  a la  polymerisation  et  copo- 
lymerisation  de  divers  derives  allyliques  etr  vinyliques  d’etain 
et  de  plomb,  des  methacrylates  d’etain,  de  plomb,  de  mercure 
et  de  plusieurs  styrolenes  contenants  des  metaux.  Ici,  on  a mon- 
tre,*  que.dans  les  conditions  de  polymerisation  radicalique  les 
allyliques  d’etain  et  de  plomb  aussi  que  les  vinyliques  d’etain 
ne  se  polymerise  pas  et  produit  une  action  inhibitrice  sur  la  poly- 
merisation des  monomeres  vinyliques  (styrolene,  methacrylate 
de  methyle).  L’effet  d ’inhibition  augmente  avec  le  nombre 
des  groupes  allyliques  et  vinyliques  dans  une  molecule  des  orga- 
nometalliques,  les  composes  allyliques  d’etain  etant  des  inhi- 
biteurs  de  polymerisation  plus  intensifs  que  les  composes  viny- 
liques correspondants.  D’apres  leur  action  inhibitrice  sur  la 
polymerisation  des  monomeres  vinyliques  les  composes  exami- 
nes forme  la  serie:  tetraallyletain  ^ tetravinyletain  > allyl- 
trimethyletain  > diallyldiphenyletain  > allyltriphenyletain  > vi- 
nyltriphenyletain  > vinyltrimethyletain.  Pour  les  'organo- 
metalliques  insatures  ou  des  groupes  de  vinyle  sont  lies  avec  im 

atome  de  metal  par  I’intermediaire  de  groupe  polaire  j 

ou  de  noyau  de  benzene,  nous  observons  d’autres  r,egularites. 

Nous  avons  montre  que  les  acrylates  et  methacrylates  des 
derives  aryles  et  alcoyles  d’etain,  de  plomb  et  de  mercure  se 
polymerisaient  et  se  copolymerisaient  facilement  avec  des  mo- 
nomeres vinyliques. 

De  nouveaux  composes  sont  aussi  presentes  par  les  styrole- 
nes contenants  des  metaux. 

Pour  la  premiere  fois  nous  avons  synthetise  dans  les  condi- 
tions de  reaction  de  Leebtick  et  Ramsden  les  styrolenes  contenant 
le  mercure  et  le  plomb.  Pour  la  premiere  fois  nous  avons  etudi6 
la  susceptibilite  a la  polymerisation  et  copolymerisation,  et  quel- 
ques  proprietes  des  styrolenes  metalliques  suivants: 

p-phenylmercurstyrolene 

p-styriltriphenylplomb 

/?-styry]triphenyletain 


Ges  styrolenes  metalliques  sont  facilement  polymerises  avec 
les  monomeres  vinyliques  dans  les  conditions  de  polymerisation 
radicalique. 

L’ etude  de  la  cinetique  de  polymerisation  montre  que  les 
styrolenes  metalliques  se  polymerisent  a une  vitesse  plus  grande 
que  le  styrolene  insubsLitue.  Selon  la  stabilite  thermique  les 
styrolenes  forme  la  serie:  Sn>Pb>Hg.  En  etudiant  le  processus 
de*  polymerisation  de  ,/?-vinylphenylmercure  qui  presente  un 
organomercure  asymetrique  on  a revele  un  phenomene  de  dis^ 
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proportionation  aboutissant  a la  formation  de  derive  divinylique* 
symetrigue  du  diphenylmercure  (I)  et  du  diphenylmercure  (II). 
Le  fc-/?-vinyldiphenyImercure  (I)  specialement  synthetise  se^ 
polymerise  facilement  en  donnant  un  polymere  reticule  insoluble* 
qui  est  infusible  jusqu’a  250°  C et  se  decompose  a temperature,, 
superieure  a 250°  C,  ce  qui  est  suivie  par  la  separation  de  mercure* 
metallique.  Le  polymere  I aurait  la  structure: 

~ CHa  — GH  ~ 


— CH  — GHz  — 

Au  moyen  de  Letude  executee  on  a montre  que  dans  les  orga- 
nometalliques  insatures,  on  observe  selon  le  caracLere  de  liaison 
de  groupe  vinylique  avec  Tatome  de  metal  une  difference  consi- 
derable en  aptitude  a la  polymerisation  et  en  proprietes  des 
polvmeres  et  copolymeres  obtenus. 
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KOOQEPATHBHBIE  ^PO^ECCbI 
nPHj  ^OJlHKOH^EHCA^MH  BHOnOJIHMEPOB 

M.  B.  B o .fV'h  nenmm  eu  H 

(CCCP) 


OSpaaoBaHHe  ochobhhx  SnonojiHMepoB  — SeJiKOB  h HVKJieH- 
BOBHX  KHCJIOT  OCyipeCTBJIHeTCH  B WHBHX  OpraHH3MaX  HJIH,  B HeM- 
Horax  HBBCCTHHX  cjiyqaHX— in  vitro,  ho  npa  ynacTHH  hhthbhhx 
• BemecTB,  Hrparomnx  pojib  aaipaBKH.  Chetos  SnonojinMepoB  npo- 
•TBKaeT  nyrCM  nOJIHKOHfleHCaH,HH  aKTIIBHpOBaHHHX  MOHOMepOB  H 
xapaKTepnayeTCH  nepexoflOM  ox  Hey^opfl;^oneHHOH  chctomh  xa- 
-KHX  MOHOMOPOB  K HpaKXHHeCKH  a6cOJHOXHOH  ynOpHAOnGHHOCXH 
B oxHomeHHH  nojiGSKOHM  HHflHBHAyajiBHHX  SEGHbeB  B oSpasyio- 
n^GHCH  l^GHH.  nOJIHKOHflGHCapHH  SHOIIOJIHMGpOB  HpOHCXOflHX  XOJIb- 
KO  E npHCyXCXBHH  (|)GpMGHXOB,  yHOpHflOBGHHOCXb  CXpOGHHH  I^GHGH 
•OnpGflGJIHGXCH  HajIHBHGM  HGKOXOpOH  JiaxpHpH,  HE  KOXOPOH  HDO- 
'TGKaeT  peaKi^HH.  ^ ^ 

OHSHneCKaH  XGOpHH  HGpGXOflOB  SGCHOpHflOK  — HOpHflOK  GCXb 
XGOPHH  KOOHGpaXHBHHX  HpOpGCCOB.  TaKaH  XGOpHfl  6bijia  pasBHxa 
npHMGHHXGJIbHO  K ^pO^GCCaM  KpHCXaJIJIHSapHH,  yHOpHflOHGHHH 
OHHapHHX  CHJiaBOB,  HaRiarHHVHBaHHH  (|)GppOMa  THGXHKOB  KaK 
bino  noKaaano  HaMH,  nojiHMGpnaa  ^G^b  flojimna  pacc.iiaxpH- 
BaXbCH  KaK  KOOHGpaXHBHaH  CHCXGMa  [1]  H XGOPGXHHGCKOG  HCCJIG- 
.flOBaHHG  paaMGpOB,  JljHHOJIbHblX  MOMGHXOB,  OHXHHGCKHX  aHH30X- 
POHHH  MaKpOMOJIGKyjI  H HX  paCXHHCGHHH  flOJIJKHH  HpOBOIIHXbCH 
•xojibKO  Ha  axoii  ochobg  [1  — 5],  KooncpaxHBHOcxb  yanxEiBajiacb 
B x^pHH  nopcxoflOB  CHHpaab  — KjiySoK,  oxKpnxiJx  /J,oxh  [6 8). 

B Hacxoani,GH  pa6oxG  paccMaxpHBaGxca  cxaxHCXHHGCKaH  xGp- 
MOAHHaMHKa  pGflynJIHKapHOHHOrO  CHHXGaa  AG30KCHPh60HVKJIGH- 
IHOBOH  KHCJIOXH  — J]^HK  [9— 11], 

ByAGM  HCxoAHXb  h3  moagjih  yoxcoHa  H KpHKa.  HopBOHanaJib- 
Haa  ABOHHaa  CHHpaab  ,II;HK  cocxohx  h3  AByx  aghgh,  coAGp^aninx 
HO  N HyKacoxHAOB  b KaacAOH.  B OKpyjKaioHi,eH  cpGAG  coAGpacHxca 

M MOBGKya  HyKaGOXHAxpH$oc$axoB  (HT(D),  L MoacKya  nHpo(J)ocr 
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^axa  ((SO)  ^ N — M — L MOJieKyji  boah.  Bea  orpaHHHenHH  0611;- 
HOCTH  npe^noJiOKHM,  HTO  paaptiB  BOflopoAHHX  CBflseH  H pasAeJie- 
HHC  abohhoh  cnHpajiH  npoHcxoAHT  c OAHoro  H3  ee  kohij;ob  h k oc- 
B060AHBmHMCH  SBeHBHM  npHCOGAHHHIOTCH  HOBHe  HyKJieO- 

thah,  o6pa3yK)iAiie  c hhmh  BOAopoAHtie  cbh3h.  HpeAnoAOJKHM  xan- 
>Ke,  HTO  nojiHKOHAeHcan,iia  npoHCXOAHX  xojibko  b xom  CAyaae, 

eCJIH  K ASyM  COCeAHHM  3BeHLflM  npHCOeAHHHJIHCb  «nOAXOAHmHe» 
HyKAeoxHAM  (aAeHHH  A k XHMHHy  T h ryaHHH  T k AHxoaiiHy  !(). 
CpeAHHH  aneprafl  boaopoahhx  CBHsen  iviea^Ay  AsyMfl  HyKJieoxH- 
AaMH  paBHa  62,  aHeprua,  BHAejiaeMaa  npn  nojiHKOHAeHcai3,Hii 
napbi  HyKJieoxHAOB , 61.  KoonepaxiiBHOcxL  npopecca  onncHBaexcH 
noxeHAHajiOM 

“ — €1  — 62  +■;  2 (^) 

TAB  / — HOMep  3BeHa,  K KOxopoMy  npHcoeAHHHexcfl  HTO,  Oj  = 
=0,  ecjiH  npHCoeAHHHJiCH  «noAXOAHii],Hii»  nyKJieoxHA,  cjj  =l,ecJiH 
npncoeAHHHJiCH  «HenoAXOAHin,HH»  h = — 1 , ecjiH  3BeHO  ocxa- 
jiocb  CB060AHHM.  Hpa  nojiHKOHAencaAHH  napu  HTO  b pacxBop 
BHAejiaexcH  OAna  MOJieKyjia  OO  [12].  BbiaHCJieHHe  cxaxHCXRae- 
CKOH  cyMMbi  (c.  c.)  CHCxeMLi  J],HK  — pacxBop  c yaexoM  (1),  a xaK- 
ace  bo3mo>khocxh  npHCoeAHHenna  MOJieKyji  H2O,  a ne  nyKJieoxH- 
Aob,  npHBOAHxca  no  iviexoAy  Haimra,  paapaSoxannoMy  npHnenn- 
xeJibHO  K xeopHH  (|)eppoMarHexH3Ma  [13].  Pacnex  Aaex  npn 

n >>  M^L  ^ N 

= K , (2) 

z=0  ^ ^MaKC . ^ 

tag 


N 

I 

I 

d ^N—M—L\ 

■ M—Lj 

1 M J 

V L / 

X 


X exp 


D = + 2 In 


hT 

qq''  M \ 


SAGCb  g'o'  — c.  c.  CB060AHOH  H2O,  q'  — cBoSoAHoro  HTO,  q"'  — 
CBo6oAHoro  00,  g — npncoeAHHeHHoro  HyKJieoxnAa,  >^MaKc  — mbkch- 
MaabHHH  KopeHb  ypaBHeHHH 

X3  — X2  (1  + 2e^+c  ch  A)  + 2X  ch  A — e^)  = 0,  (3) 


203 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


^ — JIT  ^ 


In  14- 


go  iV“  Af  — L s& 
N 


A + 21n3-^ 


Mh  npeAHOJiaraeM,  hto  hhcjio  MOjieKyji  HyKjieoTHAOB  KajK^dro 
THna  B.pacTBope  paBHo  , Qq  — c.  c.  CBHsaHHon  MOJieKyjiu  H20y 

L — xapaKTepnayeT  rH6K0CTB  n;enH. 

ripH  e®  > 1 I KOpHH  ypaBHeHHH  (3)  HMGIOT  BHA 

Xi  = 0,  Xg^l,  X3^e^+c+A_|.gB-FC-^^ 

npnqeM  5 + C + < 0,  + C 4- A|^l.  - 

» Ilpn  r ocB66oAHBinHxcH  SBeHLes  Ka>KAon  aghh  ^hcjio  npHCo- 
eAHHeHHHx  «noAxoAHm;HX»  nyKJieoTHAOB  pasHO 


OAHOBpeMGHHO 


PaccMOTpHM  Ana  cjiynaB. 

1)  B -\-C  — A <0,  X^aKc  = X2,  Z = z.  Ecjih  Z>  < 0,  to  0, 

GCjiH  Z)  > 0,  TO  r^N.  PGAynjiHKaAHH  npoHcxoAHT  npa  nopGxo- 
Ae  Z)  BGpG3  nyjib,  ycjioBHG  pGAynJiHKan.HH 

-2e.+s,a2flrta(^.i)  (6) 

2)  B + C — ^ > 0,  XiviaKc  = X3,  Z = 0.  Ecjih  5 + C — 4l4-Z)<0, 
TO  r ^ 0 — ABOHHafl  cnnpajib  coxpaHHGTCH,  a gcjih  B C — 

— A-^D^O,  To  r^Ny  T.  G.  npoHCxoAHT  AeHaTypan;HH,  pasAe- 
AGHHG  ABOHHOH  CHEpaJIH  HB  AB6  COJIbBaTHpOBaHHHX  AGHH.  yCJIOBHG 
AOHaTypaAHH 


2t.-e,a22i7'ln(^).; 


06a  nGpGxoAa  tgm  6ojigg  pg3kh,  hgm  6ojibniG  [9].  Ha  ypaBHGHHn 
(6)  cjiGAyeT,  HTO  pGAynjiHKaAHH  flHK  noAaBjiHGTca  npn  yBGJin- 
AGHHH  C0Aep>KaHHfl  0<I>  B pacTBopG.  rpy6aH  OAGHKa  abot  qq'" 
q*'^l0'^:  IIpHHHMaH  61=  4 KKaJljMOJlhy  62=7  Ha- 

XOAHM,  HTO  pGAynjiHKaAHH  npGKpaiAaGTCH  npn  L/M  > 7 -lO^- 
KopH6Gpr  AOBOAHJI  L/jlf  AO  10^  IIpH  3T0M  pGAynJIHKaAHH 
^HK  eiAG  mjia,  ho  c yMGHbniGHHOH  CKopocTbio  [12,  14], 
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ripn  nocjieAOBaTeJibHOH  peflynjiHKaAHH  AHK  b pacTBope  pacTeT 
coAepjKaHHe  <I)<1)  h yMenbraaeTCH  coAepjKaHHe  HTO.  OcymecTB- 
jiHCTCH  CBoero  poAa  «o6paTHaa  CBH3b»  — npoii;ecc  b KOHij,e  koh- 
ii,OB  npeKpamaeTCH.  J]|onycTHM,  axo  na  neKOxopoH  cxaAHH  npo- 
Aecca  HMejiocb  S aboShux  cnnpaaeH  flHK,  M MOJieKyji  HTO 
H L MOJieKyji  <1)<I).  MaKCHMajibHoe  Ahcjio  nojiyaaiomHxcH  aboh- 
Hbix  cnHpajien  S + t naxoAHTca  h3  ycjiOBHH  MHHHMyMa-  cbo6oa- 
HOH  aneprHH.  IIojiyaaeM 


fM  qq"  ^ ( 


261- 62  \ 
2RT  ) 


26i  — 62  \ ^ 

2RT  J Aq' 


ripn  Tex  >Ke  aHaneHHflx  nocTOHHHUx 

• A/  — 15.10-^L 

’ 2N 

BbixoA  flHK  AOJi>KeH  saBHceib  ox  oxHOCHxejibHoro  coAep>KaHHH 
r + III  H A 4-  T,  xaK  KaK  F + U,  oSpasyiox  xpn,  a A -f  T — abg 
BOAopo^Hbie  CBH3H.  PacHGT  ^aex 

TAG 

^ [r  + m 

ir  + m + [A  + T]- 


Ha  HSJiojKGHHoro  cjiGAyex,  ^to  peAynjiHKaAHH  J1,HK  npn  mhtobg 

TKHBblX  KJIGTOK  MOH^GT  6bITb  OnnCaHa  XepMOAHHaMH^eCKH  H HG 

npGACTaBJiHGT  C060H  6HOJiorHHecKOH  3araAKH.  npHBGAeHHbie  pac- 
^GTH  SblTb  AOnOJIHGHtl  yHGTOM  pOJIH  HGOpraHHMGCKHX 

HOHOB,  AGHCTBHG  KOTOpHX,  HO-BHAHMOMy,  CBOAHTCH  K HSMeHGHHK) 
.3(J)(|)eKTHBHbIX  aHa^GHHH.  TepMOAHHaMOTGCKHH  paCHGT  nOKaSblBaGT, 
'qxo  BGpOHTHOCTb  <(HenpaBHJIbHOrO»  npHCOGAHHGHHH  HG 

conpoBOjKAaioiAerocH  KOHAencaAnen,  hh^tohcho  Majia. 

OAHaKO,  ocHOBHaa  npoSjiGMa  cnHTGsa  npoTeKaioiAero 

KaK  (|)epMeHTaTHBHbIH  npOAGCC,  COCTOHT  B HCCJIGAOBaHHH  GFO  KH- 
HGTHKH.  HgCOMHGHHO,  HTO  KHHGTHKa  nOJIHKOHAGHCaAHH  SnOndjIH- 
MepOB  HBJIHGTCH  KOOnepaXHBHOH  H COOTBGTCTByiOIAIie  ypaBHGHHH 
HGJXHHGHHbi.  B HacTOflni,ee  BpeMH  HaMH  Haaaxa  paapadoTKa  kiihg- 
THaeCKOH  TGOpHH. 

BnocHHTea  SejiKa  mojkgt  6biTb  MOAempoBan  na  toh  >Ke  ochobg. 
HeAOCTaxoK  aKcnepHMGHxaJibHHX  Aasiibix  hg  nGaBOJiaex  noKa 
coaAaxb  MOAeab,  aBJiaioiAyiocH  Bnojiae  peajiHCTnaecKOH.  OAaaKo, 
MO}KHO  BHpaSIITb  yBGpGHHOCTb  B TOM,  BTO  OCHOBHOG  nOaOJKGHHG 
TGopim  — KOonepaTHBHbiH  CHHxea  aa  MaxpaAG  — npaBHJibHO  ii  b 
3 TOM  cjiyaae. 
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KOonepaxHBHOCTH  moh^gt  OKasaxLCH  HpesBBiHaHHO  Ba)K- 
HtiM  npn  HGCJieflOBaHHH  npou,eccoB  reTeporeHHoro  KaxajiHaa  b 
XHMHH  nOJIHMepOB  H HHSKOMOJieKyJIHpHLTX  GOej^HHeHHH. 
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Summary 

The  main  features  of  polyeondensation  of  biopolymers  — 
nuGleic  acids  and  proteins—can  be  summarized  in  the  follow- 
ing. The  reactions  are  accomplished  with  the  participation  of 
enzymes  and  take  place  on  some  kind  of  template.  Many  facts 
show  that  the  template  for  desoxyribonucleic  acid  (DNA)  is 
a nucleoproteinic  complex  containing  DNA  and  for  protein,  a 
complex  conytaining  DNA  and  RNA  (ribonucleic  acid).  The 
polyeondensation  process  on  a template  is  a cooperative  pheno- 
menon essentially  determined  by  the  near  neighbor  interactions 
of  monomers  linked  by  hydrogen  bonds  to  the  polymer  chains 
acting  as  the  template.  From  this  and  a simple  model  a statis- 
tical theory  for  the  reduplication  synthesis  of  DNA  has  been  de- 
veloped. The  reaction  has  been  shown  to  start  at  a certain  cri- 
tical concentration  of  the  monomers  in  solution,  the  process 
being  characterized  by  a specific  thermodynamic  phase  transi- 
tion, 
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The  following  factors  have  heeii  taken  into  account:  the  hydrogen- 
bond  energy,  the  energy  of  nucleotide  polycondensation  liberated 
in  a sequence  of  coupled  reactions,  the  influence  of  the  solvent 
(water)  and  the  flexibility  of  the  free  polymer  chain.  The  cal- 
culations are  based  on  the  Ising  method  used  in  the  theory  of 
ferromagnetism.  The  transition  during  the  reduplication  synthesis- 
is  the  sharper  the  longer  the  length  of  the  template  chain. 

The  same  treatment  can  be  applied  to  the  statistical-thermo- 
dynamics analysis  of  protein  biosynthesis  in  the  form  of  a-heli- 
ces  (after  Pauling  and  Cori).  Polycondensation  of  amino  acids- 
also  proceeds  by  a cooperative  mechanism.  In  this  case  not  only 
the  hydrogen  bonds  between  the  amino  acids  and  the  template 
have  to  be  taken  into  account,  hut  also  the  intramolecular  hyd- 
rogen bonds  of  the  resultant  a-helix.  Also  in  the  case  of  aminu 
acid  polycondensation  on  a template  a sharp  transition  takes 
place  at  a definite  monomer  concentration  (or  at  a definite  tem- 
perature). 

The  kinetics  of  polycondensation  of  hiopolymers  can  he  trea- 
ted analogously  if  we  take  into  account  the  cooperative  character 
of  the  process.  The  corresponding  differential  equations  are  non- 
linear, but  their  approximate  solution  makes  it  possible  to  cha- 
racterize the  main  features  of  the  process. 

The  above  simple  models  can  be  generalized  to  include  the 
successive  biosynthesis  of  nucleic  acids  and  proteins  as  a united 
process.  , 

The  same  conceptions  may  be  employed  in  the  theory  of  he- 
terogeneous catalysis. 


Resume 

Les  particularites  essentielles  de  la  polycondensation  des 
biopolymeres  (acides  nucleiques  et  proteines)  consistent  a ce, 
que  ces  processus  s’ effectuent  avec  la  participation  des  ferments 
ont  lieu  sur  une  matrice.  A ce  qu’il  parait  c’est  un  complexe 
nucleoproteique  qui  sert  de  matrice  pour  I’acide  desoxyribonuc- 
leique  (ADRN),  ce  complexe  contient  le  meme  ADRN;  pour 
la  proteine  le  role  de  matrice  est  joue  par  le  complexe,  contenant 
(ADRN)  et  ARN  (acide  ribonucleique).  La  polycondensation 
sur  la  matrice  est  un  processus  cooperatif  determine  essentiel- 
lement  par  une  action  reciproque  des  monomeres  voisins  qui 
sont  adsorb es  moyennant  des  liaisons  hydrogeniques  sur  une 
chaine  polymerique  en  tant  que  la  matrice.  Ces  representations 
sont  placees  a la  base  d’une  theorie  statistique  approximee  de 
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la  synthese  de  reduplication  de  I’ADRN.  II  a ete  montre  oue 

traHoroiv  ^ d’une  certaineToncen! 

tration  critique  des  monomeres  en  solution  comme  une  sorte 

4e  transition  de  phase  thermodynamique.  Ici,  on  a pris  en  con- 
sideration les  facteurs  suivants:  I’energie  de  liaison^hydrogeni- 

np«  ’rli  pendant  la  polycondensation  dans  les  chai- 

nes  des  reactions  conjuguees,  1 ’influence  de  solvant,  la  specifi- 
cite  chimique  des  monomeres  (nucleotides)  et  la  flexibilite 
des  chaines  polymeriques  libres.  Les  calculs  sont  bases  sur  la 
methode  d Izingue,  appliquee  dans  la  theorie  du  ferromagne- 

est  plus  iSm  Polymerique  sur  la  matrice 

est  plus  longue.  Des  idees  pareilles  ont  ete  prises  pour  base  de 

1 analyse  statistique-thermodynamique  de  la  biosynthese  de 
proteine  sous  forme  d’a-spirale  de  Pauling  et  Kori.  La  poly- 
condensation  des  amino-acides  s’accomplit  ^alement  suivant 
e mecamsme  coop  era  tif;  dans  ce  cas  il  est  necessaire  de  prendre 
en  consideration  non  seulement  des  liasons  hydrogeniques  entre 
des  ammo-acides  et  la  matrice,  mais  aussi  des  liaisons  hX! 

la  polycondensation  des  amino:acides  sur  la  ma- 

Stra^Hn^T  ^ 1'®^  transition  brusque  a une  certaine  con- 
•centration  des  monomeres. 

cinetique  de  la  pqlycondensation  des  biopolymeres  peut 
‘I"  compte  de  «cooperativite>>  du  proces- 
sus. Des  equations  appropri^es  sont  nonlineaires;  leur  solution 
approximee  permet  de  caracteriser  des  particularity  d ’execu- 
tion du  processus. 

Des  representations  approximees  qui  sont  donnees  ci-dessus 
peuvent  etre  geniSralis4es  dans  le  but  d 'examiner  la  biosynthese 
rSSr.,  “ '■"‘‘f  "““'"‘I™-!  « proteines.  Les  memS 

TcataC  Slt^geT'^ 
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nOJIHKOHJtEHCAI^HH  3OHP0B  a-AMHHOKHCJIOT 
B nPHCYTCTBHH  ^BYOKHCH  YPJIEPO^A 

K,  T.  HopotiiiiH^  i(9.  H,  Xypzun^  T>  K o 3 a p euuo^ 

H»  M,  Upoxopoea^  H,  E.  Hocnoea 
(CCCP) 


OTKpUTHe  CaMOnpOH3BOJIbHO^  nOJIHKOHAeHCari,HII  3(|)HpOB 
a-aMMHOKHCJiOT  6hjio  no  cymecTBy  nepBUM  cJiynaeM,  Kor^^a  XHMHKy 
yAajiocb  naSjiioAaTb  cHmea  nenxHAHOH  cbh3h  beg  opraHHSMa. 
HecMoxpa  na  xo,  axo  nojiHKOHfleHcan;™  a^npoB  a-aMHHOKHCJiox 
ycHjieHHo  HsyaajiH  eme  Kypi3.Hyc  [1]  h Onmep  [2],  a nosAnee 
OpeHKejib  H KaaajiBCKHH  [3],  KaxajiHxnaecKoe  AeicxBae  pflffa  khc- 
jiHx  Bein,ecxB,  xbkhx  kbk  xjiopHCXMH  BOAopoA,  yKcycHaa  h npo- 
nnoHOBaa  KHCJioxH,  AByoKHCt  yraepo^a  h aP-,  6ijao  cpaBHHxejib- 
Ho  HGAaBHo  oxKpHxo  B HameH  aa6opaxopHH  [4].  Hame  BHHMaHae 
B nepByio  oaepeAB  npaBaenao  HHHAHHpoBaHHe  noaHKOHAeacaAnn 
3(|)HpoB  a-aMHHOKHCaox  (raaBHHM  oSpasoM  raHn,HHa  h d,  Z-aaaHH- 
aa)  AByoKHCbK)  yraepoAa.  Bo-nepBHx,  AByoKHCt  yraepoAa  — axo 
HopMaabaaa  cocxaBaaa  aacxb  axMoc^epH  a oaa,  Bepoaxao,  HBaa- 
aacb  HaHAaaxopoM  aoaaKOHAeacaAHH  3(j)HpoB  . a-aMaaoKacaox, 
onacaaatix  ApyrHMa  aBxopaMH  [1 — 3].  Bo-BxopHX,  a^apti  a**aMH- 
aoKHcaox  oSpaayiox  xaa  aasbiBaeMbie  Kap6aMaTiiiRNH3-OOCNHR, 
poACXBeaaue  KapSanaxaM,  Koxoptie  6hjih  nocxyaapoBaabi  b 
KaaecxBG  npoMejayxoaaHX  coeAHaeana  npa  nojiHKoaAeacaAaa 
aaraApaAOB  N-Kap6oKca-a-  aMaaoKacaox  [5]  — apoB;ecca,  aaa- 
6oaee  aacxo  acnojibsyeMoro  A-aa  caaxesa  BticoKOMOJieKyjiapabix 
noaaaeaxaAOB. 

Bbiaa  noApoSao  asyaeaa  noaBKoaAeacan,aa  axaaoBoro  3$apa 
raHAaaa,  xaa  Kaa  b 3Xom  cjryaae  peaKAaa  babx  c yAoSaoa  A-aa  ac- 
* caeAOBaaaa  CKopocxbK),  a bhxoa  AHKexonanepaaaaa  cpaBaaxeab- 
BO  aeBejiaK. 

Hpa  paaabix  aaaaabBbix  oxBocaxeabaux  (MoaapaHx)  K6aii;eH- 
xpaAaax aaaAaaxopa  aMoaoMepa  {3(J)apa  aMaHOKacaoxu)  [C02]/[9] 
ox  0,005  AO  0,16  6Haa  aayaeaa  KaaexaKa  asMeaeHaa  cocxaBa 
noaaKOBAeacaxa  (pacxoA  MoaoMepa,  bmxoa  AaKexoaanepasaaa, 
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KOHn.eHTpari.Hfl  aMHiirioro  aaoTa)  h paecHHTaHa  cpeAHAn  CTeiienb 
nojiHMepH3an;HH  nenxHAHOH  (|)paKHHH  {rie).  Bo  speMfl  peaKip[H 
MOHOMep  pacxoflyexcfl  b cooxBexcxBHH  c peaKu;HeH  nepBoro  no- 
pfl/^Ka,  a KOHcxaHxa  CKopocxH  pacxo^a  MOHOMepa  mohoxohho  pac- 
xex  c yBejiHHemieM  [C02]/[9]  I6].  Cpe^HAfl  cxenent  nojinMepnaa- 
i];Hn  jiHHeHHo  yBejiHHHBaexcA  c pacxo^OM  MOHOMepa  [7].  9x0  yna- 
SHBaex,  Hxo  y^JinHeHne  i];eneH  nenxH^OB  npoHcxoAHx  BCjie^cxBHe 
cxyneHflaxoro  npHCoeAHHennA  ofliHoro  aMHHOKHCJioxHoro  ocxaxKa. 
KoHi];eHxpan.Hfl  aMHHHoro  aaoxa  b npoayKxax  peaKn;HH  (nocjie  yna- 
jieHHA  MOHOMepa  h CHHpxa)  npH  j^ahhoh  BejiHAHHe  [C02]/1!9]  oc- 
xaexcfl  nocTOAHHOH.  Tan  KaK  KOHn;eHTpan,HA  AHKeTonanepasHHa 
[2]  B npoAyKxax  peaKHHH  npn  HHHH;HHpoBaHHH  npn  noMOBai;H  CO2 
naAaex,  xo  HSMeneHne  KOHii;eHTpaii;HH  aMHHHoro  aaoxa,  a xeM 
6ojiee  MOHOMepa,  npoHCxo^nx  SoAbnie  3a  cnex  pocxa,  hbm  3a  cnex 
o6pa30BaHHA  HOBHx  HeneH.  Offna  h3  bo3mo}khhx  hphhhh  3x0x0 

ABAeHHA  — HepaBCHCTBO  CKOpOCXeH  06pa30BaHHA  AHnenTH^a  (B3a- 
HMOAeHCXBHe  AByx  MOAeKyji  MOHOMepa)  h y^iAHHeHHA  nenxHAHLix  ne- 
neH  (B3aHMO.a;eHCTBHe  MOHOMepa  cnenxHAOM).  Ha  axo  >Ke  yKaaHBaex 
xaK>Ke:  1)  anaAHs  aaBHCHMOCxn  KOHCxaHXH  CKopocxH  pacxo^a  mo- 
HOMepa  OT  [C02]/[9]  h 2)  npAMofi  pacnex  Koncxanx  CKopocxeir  06- 
paaoBaHHA  AHnenxHAa  (/ci)  h yAAnnenHA  AeneH  nenxnAOB  (*2). 
1)  CKopocxb  pacxoAa  MonoMepa  yBeAHAHBaexcA  nponopAHonaABHo 
BeAHHHHe  [C02]/[9]  toabko  npn  sHaneHHAX  [C02]/[9]<:0,07.B  axoM 
CAynae  k^  — k [G02]/[9]  = 1,56  *10“^  cen^^  IIpH  [CO2I/ 

/[9]  > 0,07  aKcnepHMeHxaABHafl  KOHcxaHxa  CKopocxH  pacxoAaMo- 
HOMepa  pacxex  3HaHHxeABH0  Me^AenHee,  AOcxnraA  npn  [C02]/[91  = 
046  BeAHHHHH  7,25  -lO"^  cen^^  MOJih~^ , TaK  KaK  c pocxoM  [G02]/(9] 
cpeAHAA  cxeneHB  noAHMepH3ari;HH  npoAyKxoB  peaKAHH  naAaex'17},. 
axo  6biao  HCxoAKOBaHo  HaMH  KaK  pesyABxax  yBeAHHeHHA  cko- 
pocxii  oSpaaoBaHHA  nenxHAOB  c pocxoM  aahhbi  ero  HenH.  2)  Pe- 
3yABXaXBI  H3yAeHHA  KHHeXHKH  nOAHKOHAeHCan;HH,  paCCMOXpeHHBie 
BLime,  HOKaaaAH,  hxo  HanSoABiHHx  pasAHHHH  CAeAyex  OHCHAatB  b 
CKopocxAx  o6pa30BaHHA  AHiienxHAa  h 6oAee  aahhhhx  nenxHAOB- 
rioaxoMy,  ecAH  b KanecTBe  nepBoro  npuSAHJKeHHA  CHHxaxB,  axo 
CKopocxB  BsaHMOAeHCTBHA  MOHOMepa  c nenxHAaMH  [P]  He  aaBii- 
CHx  ox  aahhbi  hx  n;enH,  mo>kho  cocxaBHXB  CAeAyion^He  AH$(|)epeH- 
n.naABHHe  ypaBHemiA  aaa  CKopocxH  pacxoAa  MOHOMepa  [M]  (1) 

n HaKOHAeHHA  npoAyKxoB  peaKAiin  [D]  + [PJ  (2): 

-4-[M]=/cj[Mp+*2iM][P]  . -ar 

Ilpn  HOACxaHOBKe  b ypaBHenne  (2)  aKcnepHMeHxaABHBixvAaH- 
HHX  MOH^HO  HHCAeHHBIM  MOTOAOM  paCCAHXaXB  BeAHHHHy  /c  .=  9,'34  • 
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• 10"^  ceK~^ , Sia  BejiiiTOHa  HBJiHexcH  cpeAHeii  ajih  tC02]/[9] 
= 0,02,  0,04  H 0,08  (c  To^HocTbH)  AO + 5%),  9to  xopoinee 
coBnaAOHHe  h cpasHHiejibHo  BticoKaa  To^HocTb  oSycjiOBjieHH, 
BepOHTHO,  TBM,  HTO  COCTaBJIGHHe  ypaBHeHHH  (2)HeCBH3aHO  HH  C I^a- 
KHMH  npeAnOJIOJKeHHHMH  0 SaBHCHMOCTH  CKOpOCTH  BSaHMOABHCTBHH 
MOHOMepa  c nenTHAaMii  ot  ajihhm  hx  Aenet.  IIpoHaBOJibHocTb  axo- 
ro  npeAnojioHceHHH,  HcnojibSOBaHHoro  npn  cocxaBjieHHH  ypaBHeHHH 
(1),  n03BOJIHJIO  Aaxb  JIHmb  OAeHKy  BeJIHHHHH  fe  C XOHHOCXblO  AO 

+ 25—30%.  [G02]/19]  = 0,02,  0,04  h 0,08,  oxHoineniie 

KOHCxanx  CKopocxen  kijk^,  = 112,  81  h 69.  CncxeMaxHaecKoe 
yMeHbmeHHe  paccHHxaHHHX  BejiHHHH  fe  c pocxoM  [C02]/[9],  Bepo** 
HXHo,  CBHsaHo  c HaAGHHeM  B 3XOM  cjiynae  BejiHHiiHbi  Rq.  npH- 
Moro  AOKasaxejibcxsa  aBxoKaxajiHXHHecKoro  ycKopenna  peaKAHH  ee 
npoAyKxaMH  6bijiH  npoBeAenbi  ohhxbi  ho  HayHeHHio  KHHexHKH  h3- 
MeHeHHH  cocxaBa  npoAyKxoB  peaKii.HH  Ao6aBJieHHeM  nenxHAOB;  xo- 
XH  HeKoxopoe  ycKopeHne  n Ha6jiH)Aajiocb,  oho  6hjio  cpaBHHxejibHO 
neBejiHKO,  xaK  Kan  KaxajiHxnHecKHH  3(|)(|)eKx  AByoKHCH  yrjiepoAa  bh- 
pa>KeH  3HaHHxejibHo  CHJibnee,  neu  BjiHHHne  AoSaBjieHHH  cooxBex- 
cTByiomHx  KOJiHHecTB  HeHTHAOB,  XIoaxoMy  6biJia  Hayaena  KHHe- 
xHKa  nojiHKOH^eHcaAHii  axnjiOBoro  3(f)Hpa  rJiHn;HHa  b npHcyx- 
cxBHH  nenxHAOB  c pasHOH  ajihhoh  ii;eneH  6e3  AoSaBJienHH  AByoKHcn 
yrjiepoAa  [8].  B oxcyxcxBHe  AByoKHCH  yrjiepoAa  peaKAHH  pacna- 
AaexcH  Ha  abg  cxhahh,  aHajiorHHHO  AsyM  cxaAHHM  npn  hojihkoh- 
AGHcaAHH  anrHApnAa  N-Kap6oKCH-Y-6eH3HJi-/-rjiioxaMaxa  [9].  ^o- 
SaBJieHHe  nenxHAOB  coKpaHi,aex  AJiHTeJibHocxb  nepBoii  cxaAHH  po- 
aKAHH,  He  BJiHHH  Ha  KOHCxaHxy  CKopocxH  pacxoAa  MOHOMepa,  ii 
iiecKOJibKo  yBejiHHHBaex  cKopocxb  pacxoAa  MOHOMepa  bo  bxo- 
poii,  6oJiee  6bicxpOH  cxaAHH.  9xh  AaHHbie  Moryx  cjiynaixb  npHMbiM 
AQKasaxejibcxBOM  aBxoKaxajiHXHaecKoro  xapanxepa  hojikkohagh- 
CaAHH  3{|)npOB  a-aMHHOKHCJIOX. 

; , B AaJibHenmeM  HaMH  6mjio  Hayaeno  xaKH^e  BJiHHHiie  AoSaBJieHHH 
CHHpxa  Ha  CKOpoCXb  CaMOnpOHSBOJIbHOH  HOJIHKOHAeHCaAHH  3XH- 
jiOBpro  3$Hpa  rjiHAHHa  (b  oxcyxcxBne  AByoKHCH  yrjiepoAa).  B ox- 
.HHHHe  ox  npeAHAyn];Hx  cjiynaeB  ycKopenne  pacxoAa  MOHOMepa 
HaSjiioAajiocb  KaK  b nepBon,  xaK  h bo  Bxopon  cxaAHHX  peaKAHH. 
GHCAOBaxejibHo,  o6pa3yioni,HHCH  bo  BpeMH  nojTHKOHAeHcan;HH 
cnnpx  xaKH^e  MO>KeT  HBHXbca  oahhm  h3  KaxajiHsaxopoB  peaKAHH. 

HayaeHHe  oco6eHHocxeH  pacxoAa  MOHOMepa  npn  paaHbix  Be- 
HHHHHax  [G02]/[9]  noKaaajio,  hxo  b Hanajie  peaKAHH  HMeexca  6bic- 
xpaH  cxaAHH,  bo  BpeMH  KOXOpOH  Ha  KaJKAHH  3KBHBajieHX  GO2  CBH- 
3‘biBaexcH  ABa  BKBHBajieHxa  MOHOMepa  [6].  HaH6ojiee  BepoaxHbiM 
HpOAyKTOM  peaKAHH  B 3X0H  nepBOH  6HCXpOH  cxaAHH  HBJiaeXCH 

xaK  Ha3biBaeMbiHCHMMexpHHHbiHKap6aMax  R'OOG  •GH2  'NH3  -OOG  • 

• NH  'GH2  •GOOR\KOxopbrH,no-BHAHMOMy,npeACxaBJiHexco6oH  npo- 

MBJKyXOHHOe  aKXHBHOe  COeAHHeHHe,B  KOXOpOM  aKXHBHpOBaHHe  Kap- 
SoKCHJibHOH  rpynnbi  mojkgx  co3Aaxb  6jiaronpHHXHbie  ycjiOBHH  a^ih 
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npOTeKaHHH  aMHHOJlHTIlHeCKOH  peaK^HH  — e.  nOJIHKOH/^GHCa- 

Hay^GHne  khhgthkh  pacxoji,a  MOHOMGpa  h cocTasa  npo^yKTOB 
peaKi3;HH  noKaaajio,  hto  xojs,  peaKn;HH  He  aaBHCHT  ox  xoro,  KaimM 
cnoco6oM  C03fliaHa  HcxoflnaH  peaKn,HOHHaH  cncxeMa  — Henocpe^- 
CTBGHHHM  Ao6aBjieHHeM  KapSaMaxa  hjih  BBeAenneM  cooTBeTCTByK)- 
mero  KOJiHHecTBa  AByoKHcn  yrjiepoji,a  [6,  10]  (axo,  o/^naKO,  cnpa- 
Be^JiHBo  jiHnib  Majiux  bgjihtoh  [C02]/[3]  [11  ]).MHHi];iiHpoBa- 
Hne  nojiHKOHj^eHcan;HH  axnjiOBoro  a^npa  rjiHii;iiHa  aHxHflipMj^OM 
N-Kap6oKCHrjiHn;HHa  [12]  noKaaajio,  blxo  b ochobhom  coxpaHHioxcH 
xe  Hce  KHHexH^ecKHe  saKOHOMepiiocxH  n nojiynaioxCH  xe  me  npo- 
AyKXH,  KaK  H npil  HHimHHpOBaHHH  HpH  nOMOmH  CO2  HJIH  Kap6a- 
Maxa.  BsaHMOAencxBHe  N-Kap6oHOBoro  anrHApn^a  c h36hxkom  3(j[)H- 
pa  aMHHOKHCJioxLi  npHBOAHx  K o6pa30BaHiiio  xaK  HasHBaeMoro  ne- 
CHMMexpOTHoro  KapSanaxa  3{J)Hpa  AnnenxHAa  [13].  OSpasoBaHne 
axoro  npoAyKxa,  BepoHXHo,  hbjihgxch  nepBOH  cxa^nen  hojihkoh- 
AeHCaAHH  npH  HHHAHHpOBaHHH  anrHApHAOM.  B CBH3H  c xgm,  hxo 
CKOpOCXL  peaKAHH  H COCXaB  HX  npOAyKXOB  OAHHaKOBM,  He3aBII- 
CHMo  ox  cnoco6a  iiHHAiiiipoBaHHH;  Slijio  CAGJiaHo  npeAHOJiOH^eHHe 
0 XOM,  HXO  pocx  nenxHAHHx  Aenen  npoxoAHJi  ^epea  cxaAHio  o6pa- 
30BaHHH  HecHMMexpOTHHX  Kap6aMaxoB  [14], 

IVOOC-CH3-NH3+--OOC-NHCH2COOR'  + NHa-CHs-CO  (NHCH2CO)^OR'  ^ ^ 
R'OOC . CH2NH3  OOC • NH -GHaCO  (NH .CHaCO)^  , 1 ■ OR' 

Al=:  0,1,  2... 

PerenepaAHH  CHMMexpHTOoro  KapSaMaxa  [Pi*]  h oSpaaoBaHwe 
CB060AHHX  nenxHAOB,  BepoaxHO,  nponcxoAnx  nyxeM  BsaHMOAen- 
CXBHH  HecHMMexpHHHoro  KapOaMaxa  [P*]  c MOHOMepoM 

R'00G-GH2.NH3  + --00C  (NH.CH2G0)^0R'  +NH2.GH2G001V^ 

^ H (NH.GH2G0)^0R'+»R'00C-GH2NH3+--00G-NH.GH2C00R'  (4) 

B CBH3H  C npeA^OH^GHHHM  MexaHH3MOM  nojiHKOHAeHcan,HH  a^H- 
poB  a-aMHHOKHCJiox  AH(|)$epeHi];HajiLHoe  ypaBHenne  pacxoAa  mo- 
HOMepa  HMeex  bha 

= (5) 

TAB  k'  H /c"  KOHCXaHXtl  CKOpOCXH  B3aHMOAeHCXBHH  MOHOMepa  C CMM- 

MexpHHHHM  H HecHMMexpHHHHM  KapSaMaxaMH.  IIpeAnojiaraexcK, 
Hxo  k ' He  aaBHCHx  ox  ajihhh  aghh  nenxHA^i*  B saBHCHMocxii  ox  co- 
oxHomeHHH  MGH^Ay  k'  H /c"  pa3HHe  peaKAHH  [peaKAHH  (3)hjih  (4)] 
Moryx  Suxi,  onpeAejiHioiAHMH  CKopocxb  nojiHKOHAeHcaAHH.  9thmh 
paajiHHHHMH  B OXHOCHXBJIBHOH  ycxoHHHBOCXH  KapSaMaxoB  Moryx 
o6x>HCHHXbCH  OCoSeHHOCXH  KHHeXHKH  nOJIHKOHAeHCaH,HH  a(|)HpOB 

2d  3 
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ajiaHHHa  b npucyTCTBiiH  abyokhch  yrjiepoAa  [4],  ero  CHMMeTpHH- 
Horo  Kap6aMaTa  [15]  h aHrnApnAOB  N-Kap6oKCHrjiHB[HHa  h d,U 
ajiannua. 
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Summary 

Polycondensation  of  the  esters  of  a-aminoacids  is  initiated 
by-a  number  of  acidic substances.The  formation  of  intermediates 
between  the  initiator  and  the  ester  facilitates  activation  of 
the  ester  group  in  the  aminolytic  formation  of  the  peptide  link. 
Such  activation  has  been  revealed  on  the  example  of  the  polycon- 
densation of  ethyl  glycinate  in  the  presence  of  carbon  dioxide 
where  the  active  intermediate  is  the  symmetric  carbamate  R'OOC 
•GHRNHs'’’"  OOC  NH  CHR  COOR'  The  formation  of  peptide 
bonds  proceeds  through  the  stage  of  asymmetric  carbamate 
formation 

R'OOC-GHR.NH+'OOC  NH.GHR-COOR'  + H (NH.CHR.CO)^OR' 
-►R'OOG»GHR.NH+-OOC  (NH*CHR.CO)„^^OR' 

« = 1,  2,  3... 
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On  decomposition  of  the  asymmetric  carbamate  the  peptide 
increases  in  length  by  one  amino  acid  residue  and  CO2  is  evolved, 
being  accompanied  by  regeneration  of  the  symmetric  carbamate. 
In  the  presence  of  excess  ester  the  formation  of  a dipeptide  ester 
takes  place  during  the  reaction,  initiating  new  chains.  Owing  to 
this  the  mean  degree  of  polymerization  of  the  polypetides  {n  = 
4-  7)  is  not  large  and  the  yield  of  diketopiperazine  increases. 

A study  of  the  kinetics  of  monomer  (M)  consumption  and 
changes  in  the  composition  of  the  products  indicates  that  the  rate 
of  di peptide  formation  is  less  than  the  rate  of  addition  of  M to 
the  peptides. 

The  numerical  solution  of  the  differential  equation  for  the  rale 
of  accumulation  of  reaction  products:'  peptides  (P)  and  diketo- 
piperazines  (D)  d/dt  (D — P)/dt  = M®  gave  a value  of  ki=  9.34. 

• 10‘®  sec.-^  mole-^  (with  an  accuracy  of  2%  for  various  initial 
concentrations  of  the  initiatior  I/M)  for  the  rate  constant  of  pep- 
tide formation. 

The  reaction  order  of  monomer  consumption  was  experimen- 
tally found  equal  to  unity,  i.  e., — dM/dt  = /c(M).  The  diffe- 
rential equation  for  the  consumption  of  the  monomer  is  of  the 
form: 

—dM/dt  = kiM^  -f  kMp  where  k is  the  experimental  rate 
of  monomer  consumption  and  kg  the  rate  constant  for  monomer 
addition  to  the  peptide.  The  latter  is  to  a first  approximation 
independent  of  the  length  of  the  peptide.  The  substitution  of 
the  numerical  values  of  k and  ki  in  the  equation  k = ki  (M) 
A;2X(P)made  it  possible  to  estimate  the  value  of  k2/ki=  30  — 110 
(with  an  accuracy  of  up  to  15%). 

If  one  takes  into  account  the  part  played  by  carbamates  in 
the  polycondensation  of  the  esters  the  rate  of  consumption  of 
the  monomer  will  be  described  by  the  equation: 

— dMIdt  = k'lM. 

where  I is  the  initiator  (carbamate)  content  and  k'  the  rate  con- 
stant de  of  decomposition  of  the  unsymmetric  carbamate.  This 
leads  to  a pseudo  first  order  of  monomer  consumption  and  pro- 
portionality of  the  rate  constant  of  the  monomer  to  the  initial 
carbamate  concentration,  which  actually  is  observed  for  small _ 
values  of  I/M.  The  fall  in  value  of  the  quantity  A:/(I/M)  obser- 
ved for  large  values  of  I/M  is  associated  with  dependence  of  the 
rate  of  interaction  between  monomer  and  peptide  on  the  length  of 
t»li6  Isit/tiOr 

A discussion  of  the  data  led  to  an  interpretation  of  the  reacti- 
on of  polycondensation  of  the  esters  of  a-amino  acids  (in  the  first 
place  of  glycine  and  alanine)  as  an  autocatalytic  process  of  the 
stepwise  growth  of  peptide  chains  at  the  terminal  amino  group. 
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Resume 

La  polycondensation  des  esters  d’  a-aminoacides  est  amorceo 
par  une  serie  de  substances  a caractere  acide.  La  formation  des 
composes  intermediates  entre  I’initiateur  et  Tester  d’a-aminoa- 
cide  favorise  Tactivation  de  groupe  esterise  a la  reaction  de  for- 
mation aminolitique  de  liaison  peptidique.  Cette  activation  a 
ete  trouvee  dans  Texemple  de  polycondensation  d 'ester  ethyli- 
que  de  glycine  en  presence  de  gaz  carbonique  ou  le  carbamate  sy- 
metrique  est  un  compose  intermediate  actif  R'OOC.CHR  NH3 
“OOC.NH.CHR.COOR'.  La  formation  des  liaisons  peptidiques 
passe  le  stade  de  formation  de  carbamate  asymetrique. 

R'OOG.CHR.NH+-OOC.NHCHR.COOR'  + H (NH-CHR .CO)^OR' 

^ R'OOG  GHR.NH^OOG(NH.CHR.CO)^_^^OR' 

« — 1,  2,  3 

Par  suite  de  clivage  du  carbamate  asymetrique  la  peptide 
s’allonge  d'un  reste  aminoacide  et  on  observe  le  degagement  de 
CO2  ce  qui  est  suivi  par  la  regeneration  de  carbamate  symetrique. 
En  presence  d’exces  d 'ester  d'a-aminoacide  pendant  la  reaction 
se  forme  Tester  de  di peptide  qui  donne  le  debut  pour  d’autres 
chaines.  A cette  cause  le  degre  moyen  de  polymerisation  des  pep- 
tides est  relativement  bas  (n  = 4—7)  et  le  rendement  de  dice- 
topi  perazine  s'accroit. 

L'etude  de  la  cinetique  de  depense  de  monomere  (M)  et  de 
variation  de  composition  des  produits  de  reaction  indique  quela 
Vitesse  de  formation  de  di  peptide  est  moindre  que  la  vitesse  d 'ad- 
dition du  monomere  aux  peptides. 

La  solution  numerique  de  T equation  differentielle  de  vitesse 
d 'accumulation  des  produits  de  reaction:  peptides  (P)  et  dice- 

topiperazine  (D)  — (D— P)  = a permis  de  calculer  la  cons- 

tante  de  vitesse  de  formation  de  di  peptide  ki=  9,34.  10‘®  sec.“^ 
mol.“^  (precission  de  2%  pour  diverses  concentrations  d'initia- 
teur  I/M). 

L’ordre  de  vitesse  de  depense  de  monomere  trouve  experimenta- 
lement  est  egal  a 1 soit — dM/dt  envers  (M).L' equation  differentielle 
de  depense  de  monomere  a une  forme 

dM 

ou  ki  est  la  constante  exp.  de  vitesse  de  depense  de  monomere; 
/c2  est  la  constante  de  vitesse  d 'addition  de  monomere  a peptide, 
qui  a la  premiere  approximation  ne  depend  pas  de  longueur  de 
peptide. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


La  mise  des  valeurs  numeriques  k et  ki  dans  la  relation  k = 
ki  (M)  — /i:2X(P)  a permis  de  calculer  la  valeur  /c2/fci==  30—110 
(a  15%  pres). 

Si  considerer  le  role  des  carbamates  dans  la  polycondensation 
des  esters  d’a-aminoacides  la  vitesse  de  depense  de  monomere 
est  decrite  par  Tequation: 


on  I contenu  de  I’initiateur  (carbamate)  et  k'  constante  de  vi^ 
tesse  de  decomposition  de  carbamate  asymetrique.  II  en  resulte* 
Tordre  pseudo-premier  de  depense  de  monomere  et  la  proportion- 
nalite  de  constante  de  vitesse  de  depense  du  monomere  pour  la 
concentration  initiale  de  carbamate,  observee  pour  de  petites- 
valeurs  I/M.  La  diminution  observee  de  valeur  A:/(/M)  dans 
le  cas  de  grands  I/M  est  due  ala  dependance  de  vitesse  d ’inter- 
action du  monomere  avec  la  peptide  par  rapport  a sa  longueur. 

La  discussion  des  donnees  obtenues  permet  d’expliquer  le 
proces  de  polycondensation  des  esters  d’a-aminoacides  (premie- 
rement,  glycine  et  alanine)  comme  proces  autocatalytique  d’al- 
longement  gradual  des  liaisons  peptidiques  le  long  du  groupe  ami- 
ne termineux. 
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ON  THE  BEHAVIOUR  OF  MIXED 
FURFURAL-FORMALDEHYDE  PHENOPLASTS 

J*  A,  M ihes 
(Hungary) 


There  is  a tendency  in  the  plastics  industry  to  find  new  sour- 
ces of  raw  materials  for  thermosetting  moulding  compositions. 
During  the  past  ten  to  twenty  years  the  melamine-condensates, 
polyester  resins,  silicones,  and  the  mixed  polymers  have  endange- 
red the  hegemony  of  phenolics  and  ureaformaldehyde  resins.  Most 
of  these  competitive  products  differed  in  mechanical,  electri- 
cal, or  chemical  behaviour  from  the  phenolics,  while  others  ten- 
ded only  to  replace  or  to  enlarge  the  production  of  the  phenol- 
formaldehyde,  or  urea-formaldehyde  mouldings,  which  have 
been  well  establisghed  industry. 

This  paper  deals  with  a mixed  compound  having  the  well 
known  characteristics  of  phenolic  resins,  and  consisting  of  phe- 
nol-homologues  from  lignnite-tar  and  furfural  from  agricultural 
wastes. 


Condensates  of  phenol-homologiies 
and  formaldehyde 

According  to  the  general  knowledge  about  phenoplasts,  the 
structure  of  the  cured  resin  depends  on  the  «functionality»  of  the 
monomers.  It  is  realized,  that  phenol-homologues  undergo  a for- 
maldehyde condensation  only  in  their  ortho-  and  para-positions. 
It  is  understood,  that  phenol,  m-cresol,  sym.  3— 5-xylenoT  etc. 
condensing  with  formaldehyde  to  a three  dimensional  network, 
are  trifunctional;  ortho-  and  para-cresol,  2 — 3,  3 — 4,  and  2 — 5 
xylenols  producing  linear  molecular  chains,  are  bifunctional;,  and 
2 — 6,  or  2 — 4 xylenols  are  monofunctional,  stopping  the  propaga- 
tion of  the  chains.  Mesitol,  2—4 — 6 trimethyl  phenol,  is 
considered  to  provide  no  condensation  reaction  with  formalde- 
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liyde,  having  a so-called  zero-funcitonality.  However,  reactions 
have  been  found  where  monofunctional  homologues  produced  a 
molecular  chain  [1—4]  and,  what  is  even  more  interesting,  mesi- 
tol  produced  a dimeric  condensate  [5]  with  formaldehyde.  Stru- 
ctures of  such  products  are  shown  in  the  scheme. 

To  explain  such  «extraordinary»  behaviour,  extraordinary  cir- 
cumstances must  be  provided  for  these  reactions.  With  other 
words,  the  rule  of  functionality  is  valid  only  under  the  general 
circumstances  of  the  present  phenoplast-industry,  where  some 
of  the  possible  ways  of  a simultaneous  reaction-group  are  favo- 
ured. Other  circumstances  produce  other  types  of  reactions,  with 
different  intermediates  and  special  cured  resins  [6—10],  diffe- 
ring from  the  common  phenol-formaldehyde  resit. 


Furfural  resins 

Furfural  as  condensing  agent  has  like  formaldehyde  two 
aldehyde-functional  possiblities,  yet  the  way  in  which  this  he- 
terocyclic aldehyde  acts  is  highly  different  in  the  curing  stage: 
there  is  a possibility  of  splitting  one  C = C double  bond  and  star- 
ting a new  difunctional  cross  linking  reaction,  or  splitting  two 
C = C double  bonds,  thus  starting  a further  tetrafunctional 
reaction,  which  greatly  help  the  formation  of  three-dimensional 
networks.  On  the  other  hand  the  mechanical  strength  of  the  very 
dense  network,  is  lowered,  the  product  becomming  a brittle  mass 
without  any  elasticity.  For  this  reason  the  industrial  application 
of  furfural  condensates  is  limited. 


Phenolhomologue-furfural  resins 

Theoretically  the  disadvantages  of  phenolhomologue  conden- 
sates and  for  furfural-resins  might  compensate  each  other.  By  mi- 
xing the  two  types  of  products,  or  by  preparing  them  simultane- 
ously, excellent  products  have  been  expected,  concerning  both  the- 
ir mechanical  strength,  thermostability  and  elasticity.  Yet  the 
experimental  facts  did  not  fulfill  these  hopes. 

A phenol-furfural  resin  containing  % parts  of  furfural, 
showed  all  the  disadvantages  of  furfural  resins.  Adding  less  fur- 
fural to  the  reaction  mixture,  the  cross-linking  reaction  is  incom- 
plete. Condensing  phenols  with  a furfural-formaldehyde  mixture, 
unhomogeneous  products  are  obtained,  because  of  the  difference 
of  the  rates  of  a furfural-condensation  and  that  of  a formalde- 
hyde reaction:  formaldehyde  is  occupying  the  more  reactive  places. 
When  the  slower-reacting  furfural  is  first  condensed,  the  reac- 
tion mixture,  to  accomplish  the  formaldehyde-reaction,  is  to 
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Fig.  1 Curing  time  of  formaldehyde-  and  furfural- phenoplast  resins  and 
ol  their  1 : 1 mixtures. 

Formaldehyde  resins:  A — phenolic  novolac;  B — phenolic  resole;  C-m-p-cresolic  novolac; 
D— m-p-cresolic  resole;  E— o-cresolic  novolac;  F— o-cresolic  resole;  G— p-cresolic  novolac; 
H— p-cresolic  resole;  I — xylenolic  novolac;  J — xylenolic  resole.  Furfural  resins: 
K — phenolic  condensate;  L — m — p-cresolic  condensate  (DAB  IV);  M — o- 
cresolic  condensate;  N~  p - cresolic  condensate;  O — xylenolic  condensate  (natural 

mixture  of  homologues). 
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be  heated  for  such  a long  time,  that  crosslinking  of  furfural  might 
occur. 

In  our  experiments  we  prepared  mixed  furfural-formalde- 
hyde type  phenoplasts,  condensing  different  phenolhomologues 
with  different  aldehydes.  The  resins  were  cured,  mechanical,  ele- 
ctrical and  thermical  data  were  measured,  both  with  pure  cured 


Fig.  2.  Impact  strength  values  of  mouldings;  mixtures  of  phenolic 
formaldehyde  ^ and  furfural  condensates.  Furfural-phenol  resin, 

N : phenolic  novolac  resin. 

resins  and  with  moulding  powder  compositions,  the  resin  compo- 
nents of  which  were  single  condensates  and  mixtures  of  such  ma- 
terials. 

We  succeeded  in  preparing  mixed  products,  with  fair  mechani- 
cal, elastic,  and  thermical  data,  the  resins  having  a ho 
mogeneous  and  optimal  network,  by  condensing  first  a formal- 
dehyde-type phenoplast  to  its  «A»  stage,  at  the  same  time  pre- 
paring a phenol -furfural  «A»  — stage  resin,  mixing  the  two  in- 
termediates and  curing  the  mixture  together,  after  having  com- 
pounded them  with  fillers,  dyestuffs,  and  other  auxilieries. 

From  the  point  of  view  of  the  moulding  industry,  the  physical 
data  of  a phenoplast  present  only  a part  of  its  qualification,  the 
moulding  characteristics,  first  of  all  the  moulding  time  are  not 
less  important.  To  evaluate  the  rate  of  cure,  formaldehyde  and 
furfural  condensates  of  different  phenols  were  prepared  in  the 
A-stage,  and  time  the  necessary  for  the  resin  becoming  brittle 
was  measured  in  a bath  of  160°.  The  results  of  individual  conden- 
sates were  compared  with  similar  data  of  the  corresponding  re- 
sin-mixtures. Only  three  out  of  the  50  investigated  mixtures  ne- 
eded longer  curing  times  than  the  component  resins,  whereas 
twenty  tests  cured  faster  than  any  of  the  component  resins.  Fig.  1 
shows  the  results  of  the  curing  tests.  The  first  value  in  every 
group  of  three  represents  the  curing  time  of  the  furfural  resin, 
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the  third  that  of  the  formaldehyde  resin,  while  the  one  in  betwe- 
en stands  for  the  time  needed  for  the  curing  of  a mixture  (1  : 1) 
of  the  former  two. 


Fig.  3.  Impact  strength  values  of  mouldings: mixtures  of  o-cresoi-form- 
aldehyde  and  phenol-furfural  resins.  F\  Furfural-phenol  resin,  R: 
o-cresolic  resole  component. 


Moulding  powders  were  prepared  by  mixing  the  formaldehyde- 
type  and  the  furfural-type  A-stage  resins  with  wood-flour  and 
ot^er  moulding-powder  components,  so,  that  the  resin-content  of 
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Fig.  4 Electrical  strength  of  phenoplastic  mouldings 

1.  Mixtures  corresponding  to  those  In  Fig.  2; 

2.  Mixtures  corresponding  to  those  in  Fig.  3. 

F\  Phenol -furfural  resin. 

the  product  was  47,5%. The  mechanical  data  when  plotted  against 
the  formaldehyde/furfural  ratio  showed  a maximum,  while  the 
electrical  strength  changes  linearly  with  the  composition. 

Figs.  2 and  3 represent  changes  of  impact  strength  of  phenol-fur- 
fural and  phenol-formaldehyde,  as  well  as  phenol-furfural  and 
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ortho-cresoi  formaldehyde  resin  mixtures,  respectively.  Fig.  4 
shows  the  change  of  electrical  strength  data  of  the  same  mouldings. 
The  measurements  were  carried  out  according  to  the  DIN  speci- 
fications. 

A special  advantage  of  the  investigated  moulding  powders  was 
the  good  flow  during  the  first  seconds  after  the  mould  had  been 
closed,  which  enables  the  moulder  to  produce  precise  complica- 
ted forms.  The  powder^ passes  rapidly  through,  the  B-stage^and 
becomes  cured. 


Discussion 

The  above-mentioned  process  and  the  results  obtained  can  be 
summerized  as  follows: 

1.  Homogeneous  formaldehyde-furfural  mixed  phenoplasts 
were  obtained  by  mixing  A-stage  formaldehyde  phenoplasts  with 
A-stage  furfural  phenoplasts  and  curing  the  mixture  in  a separate 
step  111  I. 

2.  Phenol  homologues,  which  are  known  as  poor  resinforming 
components,  were  incorporated  in  phenoplast  compositions  accor- 
ding to  our  method.  The  slow  cure,  as  well  as  the  bad  mechanical 
and  electrical  data  of  these  homologues  were  eliminated  as  a 
result  of  the  modifying  effect  of  the  furfural-formaldehyde  resins. 

3.  With  the  above-mentioned  method  a new  effect  was  obser- 
ved consisting  in  a high  rate  of  cure  of  phenoplast  mixtures,  com- 
pared with  that  of  the  component  resins. 

4.  Higher  impact  strength  values  might  be  obtained  with  these 
mixtures,  than  are  usual  with  the  component  materials. 

. 5.  The  method  allows  the  partial  replacement  of  o formaldehyde 
by  furfural,  which  offers  a possibility  of  englarging.  the  raw  mate- 
rial sources  of  phenoplasts. 

In  order  to  give  a possible  explanation  of  these  effects  we 
suggest  the  following  consideration: 

The  furfural-parts  of  the  condensed  macromolecule  form  so- 
mething like  a skeleton  for  the  formaldehyde-parts,  or  in  the  con- 
trary: the  formaldehyde-parts  act  as  intramolecular  softeners 
for  the  furfural-parts.  This  gives  the  possibility  of  using  homolo- 
gues with  poor  resin-forming  properties. 

The  good  mechanical  data  might  be  explained  by  the  balanced 
periodical  occurance  of  highly  crosslinked  and  linear  sections  in 
the  macromolecule,  the  former  producing  resistance  against  pres- 
sure and  flexure,  the  latter  giving  elasticity  to  the  product.  The 
utmost  homogeneity  of  the  product  is  however  the  chief  requi- 
rement for  good  results. 

The  short  curing  time  may  be  based  upon  the  different  reac- 
tion-rates and  the  reaction-heat.  In  the  mould  a quick  condensation 

223 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


occurs  with  formaldehyde,  accelerated  by  hexamethylenetetra- 
mine. The  evolved  heat  initiates  the  polymerization  of  the  fu- 
ran-rings,  producing  more  heat,  thus  promoting  curing  of  the  who- 
le mass.  In  some  cases  accelerators  could  be  helpful  for  initiating 
the  furan-reaction  [12],  but  generally  this  was  unnecessary.  As 
ultimate  reason  of  the  effect  we  might  assume  an  interaction  bet- 
ween the  two  different  types  of  reactions,  each  of  which  improve 
the  rate  and  the  result  of  the  other  one. 
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ABTope^epax 

OTBepHCAGHne  ^ohojibhhx  cmoji  aasncHT  ox  Hajinuna  b (J)eHonb- 
HOM  KO.iiBn;e  peaKniHOHHocnocodHiiix  axoMOB  BOAopo^a.  06i>ihho  chh- 
xaiox,  uxo  xaKHe  peaKniHOHHocnocoOHHe  axoMBi  BOMopoAa  naxoAHxcH 
B opmo’  H na/?a-nojiO}KeHHflx. 

OenonjiacTH  kuk  cocxoHni,He  h3  oahhukobhx  cxpyKxypnux  bah- 
HHA,  xaK  H CMemaHHHe,  mvieioiAHe  ne  6ojiee  Asyx  peaKn;HOHHocno- 
co6hhx  axoMOB  BOAopoAa  na  MOJieKyjiy  MonoMepa,  oOhhho  oSpaayiox 
xojTLKO  jiHHerabie  nenn,  6e3  KaKHX-jinSo  nonepeunux  cuihbok. 

Ilpn  KOHAencaAHH  (|)eHOJia  c (|)yp$ypojioM  npoaBjinexcH  xeHAen- 
AHH  K CmHBaHHK)  XaKHX  JIHHeHHHX  rOMOJIOrOB,  XUK  KUK  HOMHMO  Ha- 
jiHUHH  6H$yHKn;HOHajibHOH  ajibAerHAHOH  rpynnH  b (|)ypaHOBOM 
KOJiLi];e  HMeexcH  ox  AByx  ao  uexbipex  peaKAHOHHHX  xoueK  (b  coox- 
BexcxBHH  c xapaKxepoM  peanniHH). 

B peayjibxaxe  npon,ecca  nonepeunoro  crnnBaHna,  conpoBOJKAaio- 
merocH  oSpaaoBaHHeM  xpynKHx  npoAynxoB,  boshhkuiox  xpyAHOcxn 
B npoMiiniJieHHOM  npHMeneHHH  |)eHOJi-(J)yp(|)ypojibHLix  cmoji. 

CAejiana  nonbixKa  nojiyunxb  ^enonjiacxbi  c xopomnMH  xexnn- 


.224 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


HeCKHMH  CBOHCTSaMH  COTiexaHHeM  $ypaHOBLIX  CMOJI,  KOTOptIM  CBOH- 

ctbgh  a(j^$eKT  nonepennoro  cmHBaHHH,  c njioxo  OTBepjK^aio- 
in,HMHCH,  Majio  peaKn,HOHHOcnoco6Hi]iMH  CMOJiaMn  Ha  ochobg  ro- 
MOJioroB  $eH0Jia. 

npH  KOH;i,eHcaii;HH  4^yp4>ypojia  c o-KpeaojiOM  6hjih.  nojiyne- 
HH  HJioxne  peByjibxaTH,  xaK  me  kbk  fljia  pasjiHHHHX  kohjighoji- 

4>yP4>yPOJIi>HHX  CMOJI. 

IlonHTKa  npoBGCTH  KOHj^eHcai];HK),  Hcnojibsya  cmgcl  4>yp$ypo*Jia 
c ^opMajiL^GrHflOM,  TaKJKG  oKasajiacb  HGyfl;a^HOH,  nocKOJibKy  nan- 
60JIGG  SbicTpo  pearnpyiomHH  KOMnoHGHT  SjioKHpoBaji  6ojiee  peaK- 
I^HOHHOCnOCoSHbEG  J^GHTpbl,  HGM  SaTpy^HHJIOCb  BCTyHJIGHHG  B pG- 
aKi];Hio  ocTaBmGrocH  KOMnoHGHTa.  IIojiyHeHHbiH  npoAyKT6brji  hgoa- 
HOpO^HBIM  H COflGpjKajI  BKJIIOHGHHH  KBK  OfliHOKOMnOHGHTHHX  HpOflyK- 
TOB  KOHJ^eHCai5;iIH,  xaK  H HGKOH^GHCHpOBaHHHX  HpO^yKTOB. 

9(|)(J)eKTHBHHH  MGTOfl  pGIHGHHH  npo6jI6MbI,  HaH^GHHHH  BBTO- 
poM,  saKnioHaGTCH  B TOM,  HTO  Kpe30Jir*$ypo(|)ypojibHafl  CMOJia  Ha 
cxa^HH  A CMGmHBaexcH  c (J)opMajibjn6rHflHOH  cmojioh  na  axon  jkg 
CXaAHH.  ^aJIbHGHinaH  KOH;^eHCai];HH  H OXBepjKflGHHG  npOBOAHTCH  c 
nOJiyTOHHOH  rOMOrGHHOH  CMeCbH). 

Bhjih  onpe^GJiGHH  cjiGAyiom^HG  noKaaaxejiH  otbgphcaghhhx  hjih 
HJiaBKHX  CMOJi:  TGpMOCTOHKOCTb,  yflapHaH  npOHHOCTb,  npo6HBHOG 
HanpH>KGHHG  H BpGMH  OXBGpJKflGHHfl  (BpGMH,  Heo6xOAHMOe  ^JIH  HpG- 
BpamGHHH  CMGCH  B XpyHKyK)  MaCCy  npH  HarpGBaHHH  B 6aHG  npH 
160°). 

ripoH3BGAeHHaH  opeHKa  50  cmgcgh  noKaaajia,  hto  b 23  cjiynanx 

BpGMH  OTBGpJKAGHHH  CMGCH  6bIJIO  KOpOHG,  HGM  JIK)60H  H3  CO- 

CTaBJIHK)IH,HX  CMOJI,  B 13  CJiyHaHX  6bIJia  HaHAGHa  HOHTH  JIHHGHHaa 
saBHCHMocTb  OX  cocxasa  cmgch  h TOJibKO  B 1 cjiyaaG  ajih  oxb6p>kag- 
HHH  CMGCH  XpGOOBajIOCb  SoJIblHG  BpGMGHH,  HGM  KOMnOHGHTOB 

B OTAejIbHOCTH.  HbmGHGHHG  AHBJIGKXpHHGCKHX  CBOHCTB  HpOHCXOAHT 
B JIHHGHHOH  aaBHCHMOCXH  OX  cocxasa,  KpHBaa  MGXaHHHGCKOH  npOH- 
HOCTH  HMGGX  MGKCHMyM. 

lloCKOJIbKy  XGMHblHABGXjCniHXaH  CXpyKXypaH  HGpaCTBOpHMOCXb 
nOJiyHGHHHX  npOAyKXOB  HG  HOBBOJIHIOT  npOBGCXH  XOHHOG  HCCJIGAO- 
BaHHG  H3MGHGHHH  CXpyKXypH,  XO  H3M6HGHHG  XapaKXGpHSyGXCH  OAHO- 
BpGMGHHO  npOTGKaiOIAHMH  COBMGCXHHMH  pGaKH;HHMH  paSJIHHHHX 
XHHOB,  B KOXOpHG  BOBJIGKaiOTCH  MOHOMGpU,  HpOMGJKyxOHHHG  npO- 
AyKXH  H pGaKAHOHHaa  CpGAa.  B CBH3H  C 3XHM  HCKJIIOHaGXCH  B03- 
MOHCHOCXb  MOACJIbHHX  OHIIXOB,  HpOBOAHMblX  B XOpOmO  HSyHGHHHX 
H npocxfcix  yCJIOBHHX.  IIoJiyHGHHblG  Ha  OCHOBaHHH  AaHHOH  paSoXH 
npoAyKXH  Hcnojib3yH)TCH  b hpomhiojighhocxh  b tghghhg  roAa  c 
AGJIbK)  yCXpaHGHHH  BpGMGHHHX  3axpyAHGHHH  C CbipbGM. 
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Resume 

Le  durcissement  des  resines  phenoliques  depend  de  la  presen- 
ce dans  le  noyau  de  phenol  des  atomes  reactionnels  d ’hydrogene, 
D’habitude  oh  croit  que  les  atomes  actifs  pareils  de  Thydrogene 
se  trouvent  en  ortho-  et  para-positions. 

Les  phenoplastes,  composes  d ’unites  structurelles  uniformes, 
aussi  bien.que  mixtes,  comportant  deux,  pas  plus,  atomes  d ’hyd- 
rogene par  molecule  de  monomere,  forment  en  general  seulement 
les  chaines  lineaires  sans  reticulations  transversales  quelconques. 

Dans  la  condensation  du  phenol  avec  le  furfurol  a lieu  la  ten- 
dance a la  reticulation  de  ces  homologues  lineaires  car  outre  la 
prfeence  du  groupe  aldehydique  bifonctionnel  dans  de  noyau 
furanique  il  y a 2—4  points  reactionnels  (conformement  au  ca- 
ractke  de  la  reaction). 

Par  suite  du  processus  de  reticulation  transversale,  suivi  par 
la  formation  des  prodjiits  cassants,  les  difficultes  dans  I’utili- 
sation  industrielle  des  r^sines  furfurol-phenoliques  apparaissent. 

On  a faitune  tentative  d’obtenir  des  phenolplastes  ayant  de 
bonnes  proprietes  techniques  par  la  combinaison  des  resines  fu- 
raniques  auquels  est  propre  I’effet  de  reticulation  transversale 
avec  des  resines  a mauvais  durcissement  et  a faible  reactivite 
a base  des  homologues  de  phenol. 

En . condensant  le  furfurol  avec  le  cresol-ortho  on  a obtenu 
de  mauvais  resultats,  ainsi  que  pour  diverses  resines  xylenol- 
furfuroliques. 

, Une  tentative  d’effectuer  la  condensation  en  utilisant  le  me- 
lange dii  furfurol  avec  le  formaldehyde  s’est  trouve  egalement 
maleureux  puisque  le  constituant  le  plus  actif  a bloque  les  cent- 
res plus  actifs  ce  qui  genait  Tengagement  dans  la  reaction  du  con- 
stituant reste. 

Le  produit  obtenu  etait  heterogene  et  contenait  les  insertions 
aussi  bien  des  condensats  h un  constituant  que  des  produits  non- 
cohdeiises.  , 

La  methode  efficace  de  solution  du  probleme  trouvee  par 
I’auteur  consiste  en  ce  que  la  resine  furfurol-cresolique  au  stade 
A est  melange  avec  la  resine  formaldehydique  au  meme  stade. 

La  condensation  ulterieure  et  le  durcissement  dont  effectues 
avec  le  melange  homogene  obtenu. 

On  a determine  les  indices  suivants  des  resines  durcies,  ou 
fusibles:  stabilite  thermique,  resistance  a choc,  tension  de  rup- 
ture et  temps  de  durcissement,  temps  necessaire  pour  la  tran- 
sformation du  melange  en  masse  cassante  (lors  du  chauffage 
dans  le  bain  a 160'"G). 

L’appreciation  effectuee  pour  50  melange  a montre  que  dans 
23  cas  le  temps  de  durcissement  du  melange  etait  plus  court  que 
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pour  toute  resine  composante;  dans  13  cas  on  a trouve  une  depen- 
dance  presque  lineaire  de  la  composition  du  melange;  et  seule- 
ment  dans  1 cas  il  n^cessitait  plus  de  temps  que  pour  les  cqnsti- 
tuants,  separes.  Le  changement  des  proprietes  dielectriques  se 
produit  en  dependance  lineaire  envers  la  composition,  la  courbe 
de  resistance  mecanique  a le  maximum. 

Comme  la  couleur  foncee,  la  structure  reticulee  et  Tinsolubi- 
lite  des  produits  obtenus  ne  permettent  pas  d’6tudier  exactement 
le  changement  de  structure,  le  changement  est  caracterise  par 
les  reactions  mutuelles  simultanees  de  plusieurs  types  auquelles 
sontentraines  les  monomeres,les  intermediaires  et  le  milieu  re- 
actionnel.  A cette  occasion  est  exclue  la  possibilite  des  experien— 
ces-models  executees  dans  les  conditions  simples  et  bien  §tudi-- 
4es.  Les  produits  obtenus  sur  la  base  du  travail  donne  sont  uti- 
lises par  I’industrie  depuis  une  annee  pour  rem^dier  des  difficul— 
tes  temporaires  relatives  aux  matieres  premieres. 
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0 rETEPOrEHHOM  METOflE  ^OJIHKOH3EHCA^HH 

M*  C.  Any  m un^  A»  P 6 d u o u Jio  e a 

(CCCP) 


JlHHeHHue  nojiaaMHAUr  neoSxoAHMHe  ajih  nponssoACTBa  njia- 
CTHHecKHX  Macc  H BOJioKHoo6pa3yK)in,Hx  MaTepnajioB,  oSbihho  no- 
jiynaioT  KOHAencaniHeH  AHKap6oHOBtix  khcjiot  c AHaMnnaMH  b ro- 
MoreHHOH  CHCTeMe.  IIpH  3TOM  neoSxoAHMO  coSjiioAeHHe  cxporo 
onpeAGJieHHHX  ycjiOBnn  (npeABapnTejiBHoe  nojiynenne  cojih  ah- 
aivinna  n AHKapSonoBon  khcjioth  ajih  oSecnenenna  aKBUMOJieKyjinp- 
Horo  cooTHomeHHH  peareHTOB,  nncTOTa  ncxoAsoro  CHpbH,  cxporoe 
co6jiiOAeHHe  xeMnepaxypHoro  pen^HMa,  oxcyxcxBne  KncjiopoAa, 
npHMeneHHe  b npoi];ecce  nojiHKOHAeHcan;HH  AaBjieHHa  n BanyyMa), 
^xo  npHBOAHx  K ycjiOHceHHK)  annapaxypnoro  o^opMjieHHH.  Hapy- 
menne  yKaaannHX  ycjiOBnn  npnBOAHx  k npoxeKannio  AecipyaxHE- 
HHx  npoi^eccoB  npn  KOHAencaAHH  b pacnjiase,  b peayjibxaxe  aero 
roMoreHHHH  mgxoa  A^ex  bosmojkhocxb  nojiyTOXb  nojiniviepbi  co 
CpaBHHXeJIbHO  HeBHCOKHM  MOJieKyjIHpHbIM  BeCOM  (15000 — 25000) 

[1-4]. 

B nacxoHEAee  BpeMH  Hannnaex  nojiynaxb  mnpoKoe  pacnpocxpa- 
Henne  npnHn,HnHajibHo  hobuh  mcxoa  nojiHKOHAeHcan;HH  — rexe- 
poreHHHH  MexoA  noJXHKOHAeHcaAHH  hjih  mgxoa  KOHAeHcaii;HH  na 
«rpaHHn,e  pasACJia  A^yx  HecMemnBaioiAHxcH  ocnoBaHHHH 

Ha  BsaHMOAencxBHH  rajiGHAanmApHAOB  AsyxocHOBHHX  khcjiox  c 
coeAHHeHHHMH,  coAepH^arAHMH  aKXHBHbiH  axoM  BOAopoAa  b (|)yHK- 
AHOHajibHHX  rpynnax  — OH,—  NH2,—  SH  bo  BsaHMHOHecMe- 
niHBaioiAHxca  pacxBopnxejinx  c o6pa30BaHHeM  nojiHMepa  na  «rpa- 
HHn;e  pasAeJia  $a3>>  [5].  BnepBue  rexeporeHHUH  mgxoa  hojihkoh- 
AeHcanHH  6biJi  npHMeneH  OinropHOM  b 1898  r,  npn  nojiyneHHH  no- 
nHKap6oHaxoB  bo  B3aHMHOHecMemHBaioni;HxcH  pacxBopnxejiHX  npn 
BsaHMOAeHcxBHH  AH$aHOJioB  c (|)OcreHOM  [6].  G ycnexoM  re- 
xeporeHHbiH  mgxoa  nojinKOHAencaAnn  6hji  npnMeHGH  phaom  hc- 
CJiGAOBaxGjiGH  (ynxOeKKGpoM,  Mara,  Kohhkcom  h aP-)»  nojiynns- 
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mHMH  yKaaaHHtiM  MexoAOM  nojiHMepoB  KOH;^eHcan;HOHHoro 

THna  [7,8].  . 

B HacTOHin,eM  coo6m;eHHH  npe^cxaBjiGHH  peByjibTaxii  pa6ox  no 
HayBieHHK)  yMOBHH  npoxeKaHHH  rexaporennoH  nojiHKOH;i,eHcai^HH, 
a xaKme  noKaaaHa  B03MO>KHocxb  nojiyneHna  rexeporenHHM  Mexo- 
flOM  HOBHX  nojiHMepoB,  coflepjKainHx  rexepoaxoMH  (P,  S n Ap.)  b 
OCHOBHOH  i];enH  nojiHMepa. 


0,2  0,4  0,6  0,8  / 1,2  1,4  1,6  1,8  2 

HoHuoMmpamift  pacmaopoB  Mojibfjt 


pHc.l.BjiHflHHe  KOHii;eHTpai];HH  pacxBopoB na yflejitHyio  BaaKOcib 
HOJiHreKcaMeTHJieHceSai^HHaMHAa 

1 — Oea  yqeTa  K09$$HBneHT0B  pacnpenejieHUH,  2 — c yneroM  K09$$HipieHT0B 

pacnpe^ejieHHa. 

Bhjih  HayaeHH  ycjioBHH  nojiyaennH  rexeporeHHtiM  Mexoj^OM 
nojinaMHAOB  na  AHXjiopaHrHApnflOB  ajin^axHaecKHx  h apoMaxHae- 

CKHX  AHKap60H0BHX  KHCJIOX  C nepBHaHHMH  H BXOpHHHHMH  AHaMH* 
HaMH. 

HccjieAOBajiocb  BjiHanne  cjieAyioiAHX  ^anxopoB:  xeMnepaxypti 
0 npoAOJiHCHxeJibHocxH  nojiHKOHAeHcaii;HH,  KOHn;eHxpaii;HH  pacxBo- 
poB  pearenxoB,  npnpoAH  pacxBopnxejiH,  CKopocxH  naBjieaeHHH 
nojiHMepa,  cooxHomeHHH  pearnpyioiAHx  KOMnoHenxoB  h np.  ^jih 
OAeHKH  ^HBHKO-XHMHaeCKHX  CBOHCXB  HOJIHaMHAOB,  HOJiy^eHHBTX 
rexeporeHHHM  MexoflOM,  onpeAejia^iH  yAejibnyio  bh3Kocxb  0,5%* 
HHX  pacxBopoB  nojiHMepoB  B xpHKpeaojie,  xeinnepaxypy  njiasjie- 
HHH,  nojiHAHcnepcHocxB,  a xaKJKe  naynajin  neKoxopBie  (j[)H3HKo- 
MexannaecKHe  CBoncxBa. 

UccjieAOBaHHHMH  ycxanoBjiGHO,  axo  na  Bejinanny  MOJieKyjiap- 
Horo  Beca  nojiHMepa  6ojiBiiioe  BjiHanne  OKaaBiBaiox.  KonnieHxpaAHH 
pacxBopoB  peareHxoB,  axo  narjiHAHo  npeACxaBjieno  na  pnc.  1. 
IIpH  9X0M  HeMajiosajKHoe  aHaaenne  hmgiox  K03$(|)Hn;HeHXBi  pacnpe- 
AejieHHa  AnaMnna  b boa©  h AHXJiopanrHApHAOB  b oprannHecKOM 
pacxBopnxejie.  B aaBHCHMOCxa  ox  BH6paHHHX  KOHn;eHxpaAHH  bo3- 
Moa^Ho  nojiyaaxB  nojiHMep  b bhag  MejiKOAHcnepcHoro  nopomKa,  a 
xaK>Ke  B BHAe  njieHKoo6pa3HOH  jienxH. 

IIpHnojiyaeHHHpHAanojiHMepoBHarpaHHAepaaAejia  (j)a3  6ojib- 
moe  anaaenne  HMeex  npHpoAa  pacxBopnxejiH.  B cjiyaae  nojiy^ennH 
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noJinaMHAOB  AencTBHe  pacTBopHTejien  CKasHsaeTCH  b ochobhom  na 
;^HC^epcH0CTH  nojiy^eHHHX  noponiKOo6pa3Hiiix  MaTepHajiOB,  a 
BejiOTHHa  MOJieKyjiHpHoro  Beca  npn  onTHMajitHo  BH6paHHHX  co- 
OTHoineHHHX  H ycjioBHHX  npoBe/^cHHH  peaKn,HH  npakxHHecKH  oc- 
TaeTCH  nOCTOHHHOH  (pHC.  2). 


HohuehmpauuB  pacmeopoe  Moub/Ji 


Phc.  2.  BjiHHHHe  npnpoffH  pacTBopHTejia  na  yAejiBnyio  BasKOCTt 
n ojinreKcaMexHJieHd^^HnnHaMnAa 

1 — GeHsojif  2 — KCHJioji;  3 — Tonyoji;  4 — xjiopCeHsoji;  5 — ^HXJiopaTsm;  6 — 
xjiopo$opM;  7 — nerpojieftHtifi  8$Hp 

OKBHBajieHTHoe  cooTHomeHHe  pearnpyiomHx  KOMnoneHTOB  co- 
xpaHHCTCH  na  rpaHHii;e  (J)a3  ffajKe  b tom  cjiy^ae,  ecjiH  CHCxeMa  o6e- 
HX  (j)a3  H He  naxoAHTca  b paBHOBecHOM  coctohhhh.  Kbk  noKasajiH 
HCCJieAOBaHHH,  hsSbitok  AO  100  Moii.%  oahofo  h3  pearapyioiAHx 
KOMnoneHTOB  npaKTmecKH  He  oKaatiBaeT  bjihhhhh  Ha  BejiHHHHy 
MOJieKyjiapHoro  Beca  o6pa3yK)in;erocH  nojiHMepa, 

^jiH  ocyni;ecTBJieHHfl  rexeporeHHOH  nojinKOHAencauiHH  He  xpe- 
fiyexcH  cneniHajibHoro  o6opyAOBaHHH,  a ycjioBHH  npoBeAeHHH  pe- 
aKAHH  HpeSBHHaHHO  npOCTH.  riOJIHMepH  C MOJieKyjIHpHHM  BeCOM 
15000—20000  MOJKHO  noJiyHHTb  b o6hhhom  jia6opaTopHOM  cxaHKe 
(cm.  pHC.  3)  npn  o6biHHOH  KOMHaxHOH  xeMnepaxype. 

HccjieAOBaHHH  noKaaajiH,  hto  peaKAHH  A^XHopanrHApHAOB  c 

AHaMHHaMH  BO  BBaHMHOHeCMeinHBaiOmHXCH  paCTBOpHTeJIflX  CMO- 
Hcex  npoxeKaxb  npn  xeMnepaxypax  6jih3Khx  k 0®.  OAsaKO 
OHTHMajibHOH  xeMHepaxypoH  npH  rexeporeHHOH  nojiHKOHAenca- 
AHH  HBjiaexcH  xeMnepaxypa  He  Bbime  15 — 20®. 

06pa30BaHHe  HOJiHMepa  npa  rexeporeHHOH  noJiHKOHAencaAHH 
npoHCxoAHx  npaKTHHecKH  MrHOBeHHo  Ha  paeAOJie  A^yx  $a3.  Bojib- 
moe  sHaneHHe  npn  otom  HMeex  moxoa  HSBJieaeHHH  nojiHMepa  c rpa- 
HHAH.pasAeJia  $a3.  HaMH  HayneHH  ycjiOBHH  nojiyneHEH  nojinaMH- 
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^OB  MBTOAOM  nepGMeniHBaHHfl,  a TaKHce  MexoAOM  HenpepHBHoro 
HBBJie^eHHH  c rpaHHn;iji  pas^ejia  $a3  (pnc.  4).  IlpH  aTOM  nay^ia- 

JIHCB  KaK  CKOpOCTb  HepeMemHBaHHH,  XaK  H CKOpOCTb  H3BJieHeHHfl 


Phc.  3.  nojiyqeHHe  nojinaMHAOB  MexoAOM  na  rpaHHn;e  paa^i^ejia 
$a3  B jiaSopaxopHUx  ycJiOBHHX 


nOJIHMepa.  yCXaHOBJIGHO,  HTO  B SaBHCHMOCTH  OT  npHMeHHeMOrO  MB-* 
TO^a,  npH  itpoTOX  paBHHX  ycjiOBHHX,  MenneTCH  bhxoa  nojiHMepa 
(pHC.  5), a TaKHce  BejiHrana  MOJieKyjiHpnoro  Beca  noJiHMepa  (pnc.  6), 
’qxo  BHOJiHe  saKOHOMepHO,  ecjiH  yqHTUBaTB  MexaHHSM  peaKi^HH 
npH  reTeporeHHOH  ^OJIHKOH^^eHca^HH. 

IIocKOJibKy  peaKii;HH  reTeporennoH  noJiHKOHji;eHcan;HH  npOTeKaex 
npaKXHHecKH  MrHOBeHHo,  Sojibinoe  sHaneHne  HMeex  cKopocxb  h3- 
BJieHeHHH  nojiHMepoB  c rpaHHniH  pas^eJia  $a3  (pnc.  7).  UsMeHAH 
CKOpocxb  BBefleHHH  peareHTOB  b rexeporeHHyio  CHCxeMy,  a xaKHce 
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CKopocTB  HSBjieHeHHH  nojinMepoB,  MH  nojiyHHjiH  noMreKcaMe- 
THJieHce6an,KHaMHS  c MOJieKyjiiipHHM  eecoM  80000  h Sojiee. 
OaKTopaMH,  npeniiTCTByioxn;HMH  pocxy  n;enii  nojiHMepa,  HBJinroTCH 
MOHo4)yHKu;HOHajii>Hi)ie  coe^HHeHHH,  a TaKH^e  caMa.  njieHKa  I no- 
JiHMepa.  MeTOfl  reTeporennoH  nojiHROH^eHcau^HH  OTKpBiBaeT 
OoJIBiniie  B03M0HCH0GTH  nOJiyneHHH  TepMOCTOHKIIX  nOJIHMepOB  c 


Phc.  4.  nojiyTTenne  ^OJrHaMH^OB  Mexo^OM  nenpepHSHOro 
HSBJieiieHHH  c rpaHHn;Li  pa3^^eJIa  $a3 


T.  nji.  350 — 400®  h Bbime,  hto  HeBOSMOJKHo  ocymecTBHTb  mbtoaom 
nojiHKOHAGHcaAHH  B pacnjiaBe,  TaK  KaK  SoJiLmnncTBO  noJiHMepoB 
AaHHoro  rana  pasjiaraiOTCH  saAOJiro  ao  TeMnepaxypH  njiaBJie- 
HHH. 

nojiy^GHHe  pHAa  .apoMaxiiHecKHX  h apoMaTHHecKO-ajin^axH- 
^ecKHX  noAHaMHAOB  npeACxaBJieHO  na  pnc.  8.  3thm  MexoAOM  mo>k- 
HO  nojiyAHXb  HOBtie  thhu  KaK  nojiHMepoB,  xaK  n HHSKOMOJieKyjiHp- 
HBix  coeAHHeHHH,  C0Aep>Kaiii,Hx  rexepoaTOMBi  b ochobhoh  ii;enH. 
TaK,  MexoAOM  rexeporeHHOH  noJiHKOHAeHcan;HH  BnepBBie  nojiynenBi 
^oc^opcoAepJKaEAHe  nojLHMepBi  na  ochobb  xjiopoKHCH  $oc$opa  h 
reKcaMexHjieHAiiaMHHa  c xeMnepaxypoH  njiaBjiennH  200 — 220®. 

Ha  ocHOBaHHH  AaHHBix  ajieMeHxapHoro  ,aHajiH3a,BKJiiOHaH)iAero 
onpeAejieHHe  coAepjKaHHH  (|)oc(|)opa,  xjiopa  h asoxa  b nojiHMepe, 
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Homthmpamisi  ppcm6opQ6,Mo/rb/A 


Phc.  5.  SaBHCHMOcTB  BHxoAa  nojiHreKcaMGTHJieHceGai^HHaMHAa 
OT  cnoco6a  nojiy^ieHHH  nojiHMepa  na  rpaHHn;e  paa^ejia  (|)a3 

2 — npH  nepcMeniHBaHHH  reTeporcHHoa  CHCTewu,  2 — npH  nenpepUBHOM 
HSBJieHeHHH 


0,020,04  0,060,080,1  0,2  0,3 


tiOHiieHmpauusi  pacmeopos  Aio/ib//! 

Phc.  6.  SaBHCHMOCTfc  yflejiBHOH  BflSKOCTH  nojiHreKcaMeTHjieHce6a- 
i^BHaMHAa  OT  cnoco6a  nojiyHenna 
1 — DpH  nepeMemHBaHHH  rexeporeHHoa  chctcmh,  2 — npH  nenpepuBHOM 

HBBJieqeHHH 
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2 

1,8 

1,4 
1,2 
1 

Ct8 
0,6 
0,4 
0,2 

1 2 3 4 5 6 7 8 9 10  11  12 

CKopocmb  U38/ieHeHU9  nomAfepa,MlMu/f 

Phc.  7.  MaMeneEHe  yAejibnoH  BasKOCTH  nojiHreKcaMexHfleH- 
ce6ai;HHaMHfla  ox  cKopocxH  HaBjieaeHHH  noaHMepa 

1 — npH  nocTOHHHoia  cKopocTH  nofla^H  peareHxa  (juixJiopaHrHflpHfla),  2 — 
c yqerOM  ckopocth  noAaqn  pearenia 

. 1 
0,9 
0,8 
OJ 
0.6 
0.5 
0.4 
0,3 
0,2 
0,1 

0,020,040,0611,08^1  0,2  0,3  0,4 

HoHUBHinpanufi  pacmeopo8,AtoJib//t 

Phc.  8.  nojiyaenHe  paajiHEHbix  xnnoB  nojiHaMHffOB 
npH  nepeMemHBaHHH 

1 — nojmreKcaMerHjieHceCaipiHaMHn,  2 — nojrareKcaMexHjieHiiHnepaaHH, 
3 — nojiHTepe$TajiaHjinHnepa8HH 
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M05KH0  cftejiaTB  npeflnoJiojKeHHe,  ^to  noJiyneH  nojiHMep  ne  Tpex- 
MepHoro,  a jiHHenHoro  CTpoeHHH. 

MeTOAOM  rexeporeHHOH  nojiHKOHflencaniHH  noJiynenH  cepy- 
C0Aep5Kain,He  npoflyKTU  Ha  ocHOBe  MO'^eBHHti  h xjtopHfl,oB  cepti,  c 
coAepJKaHHeM  cBHsaHHOH  cepH  ao  16 — 18%. 

HpoAyKTH  AsiHHoro  rana  oSjiaAaioT  noBHmeHHOH  ctokkoctbio  k 
AeHCTBHK)  paajiHHHHX  XHMHHecKnx  areHTOB. 

HxaK,  rexeporeHHHH  mbtoa  nojiHKOHAeHcan;HH  npeACTaBJiHex 
npHHAHiiHajibHO  HOBoe  HanpaBJieHHe  b o6jiacTH  nojiy^ennH  nojiH- 
MepOB  H nosBOJifleT  CHHxeaHpOBaTB  pHA  nojiHMepoB  c noBBimenHijiM 
MOJieKyjiHpHHM  BecoM,  a xaRHce  OTKpHBaex  bobmohchoctb  nojiyne- 
HHH  HOBHX  THHOB  HOJIHMepOB,  COAepHCaiAHX  rGTepOaTOMH  B AGHH. 
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5.  P.  W.  Morgan,  SPE  Journal,  15,  485,  1959. 
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Summary 

A study  has  been  made  of  the  influence  of  various  factors 
(time,  concentration  of  the  solutions,  reagent  ratios,  nature  of 
the  solvent,  stirring  rate,  etc.)  upon  the  physical  and  physico- 
mechanical  properties  of  polyamides  obtained  on  the  basis  of 
the  chlorides  of  aliphatic  and  aromatic  dicarboxylic  acids.  The 
polyamides  were  synthesized  by  means  of  heterogeneous  poly- 
condensation (at  the  interfacial  boundary). 

The  possibility  of  synthesizing  polyamides  containing  hete- 
roatoms (sulfur,  phosphorus  etc.)  in  the  polymer  backbone  has 
been  investigated. 

Studies  were  also  made  of  the  physical  properties  and  the 
hardening  process  of  epoxide  resins  synthesized  by  heterogeneous 
polycondensation  at  the  interfacial  boundary. 

The  properties  of  epoxide  resins  copolymerized  with  various 
polymers  such  as . polyesters,  thioglycols,  etc.  were  determined. 

' 235 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Resume 

On  etudiait  Tinfluence  de  differents  facteurs  (temps,  concen- 
tration des  solutions,  rapport  des  substances  initiales,  nature 
du  solvant,  vitesse  d ’agitation,  etc.)  sur  les  proprietes  physico- 
chimiques  et  physlco-inechaniques  des  polyamides,  obtenus  en 
partant  de  di chlorides  d’acides  aliphatiques  et  aromatiques  di- 
basiques  et  diamines.  Les  polyamides  ont  ete  obtenus  par  la 
methode  de  polycondensation  heterogene  (sur  la  surface  de  di- 
vision des  phases). 

On  a etudie  les  proprietes  des  resines  epoxydes,  modifiees 
par  de  differents  polymeres  — polyfoters,  thiocol  etc. 
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O HEKOTOPbIX  3AKOHOMEPHOCTflX 
MEaCa)A3HO0  nOJIHKOH;i,EHCAn,HH  XJIOPAHPHflPH^OB 
3;HKAPBOHOBbIX  KHCJIOT 

H 3HAMHHOB  B nPO0ECCE  OOPMOBAHHH  BOJIOKHA 

H.  JB.  MuooauAoo,  B.  H.  M au6  o pod 
O,  C.  H uno  Jiae  e a 

(CCCP) 


OxKpiJTHe  HOBMX  nyxeH  cnmesa  nojiHMepoB  na  rpamme  paa- 
Aejia  pearapyiomHX  MOHOMepoB,  tocthhm  cjiy^aeM  KOToporo,  HBJia- 
excH  MexoA  Menc^aanoH  noJinKOH^eHcaniHH,  ocHOBaHHtiH  na  ;^aBHo 
H3BecTHOH  peaKD;HH  IIIoTTeHa-BayMaHa  [1—4],  ABjineTCH  BectMa 
nporpeccHBHHM  HanpaBJieHneM  b xhmhh  BticoKOMOJieKyjiapHLix  coe- 
AHHeHHH.  IIpoTeKaHHe  peaKi3;HH  Me>K(|)a3H0H  noJiHKOHfl;eHcan;HH  b 
ycjiOBHHX  o6HaHtix  xeMHepaxyp  h AaBJieHHH  oxKpHBaex  mapoKHe 
B03M0JKH0CXH  nojiyaeHHH  KaK  yme  H3BecxHHx,  xan  h hobbix  hojih- 
MepoB  6ojiee  npocxHMH  cnocoSaMH  n (|)opMOBaHHfl  h3  hhx  bojiokoh 
H njiacxnaecKHX  MaxepnajioB  HenocpeACXseHHO  b npon;ecce  CHHxe- 
3a.  . 

CoBMemenne  HHxeoSpasoBanHH  c XHMHHecKon  peaKnineH  hojih- 
KOH;i;eHcaii,HH  npe^cxaBjinex  co6oh  ocHOBnyio  xpy^Hocxb  ee  iicnojib- 
30BaHHH  B xexHOJiornaecKOM  npou;ecce,  ajih  pa3pa6oTKH  ko- 
Toporo  Heo6xoflHMo  BHacHenne  mhofex  saKOHOMepnocxen,  KaK 
caMOH  peaKii;HH  nojiHKOH;:^eHcai];HH,  xaK  h MexaHH3Ma  HHxeo6pa30- 
BaHHa  B 3XHX  ycjiOBHax. 

HaMH  HsyaaaacB  peaKi^aa  noaHKOHfleHcan;HH  nojinaMHflOB  b' 
ycjiOBHax,  6aH3KHX  k cxaxaaecKHM,  x.  e.  npn  BLixarHsaHan  naea- 
KH  noaHMepa  c rpaanniH  pas^eaa  $a3,H  b ycaoBHax  rHflpoAHHaMH- 
aecKEx,  X.  e.  aenocpeACXBeHHo  b npoi];ecce  noayaeHaa  BoaoKna. 

HHxeo6pa30BaHHe  ocymecxBaaan  no  oahoh  h3  npeAaoacenHHx 
HaMH  CXeM  [5],  OCHOBaHHOH  Ha  $OpMOBaHHH  BOaOKHa  B BOCXOAH- 
Hi.eM  noxoKe  pacxBopoB  caeAyK)in,Hx  CHCxeM  MOHOMepos: 

xaopanrHflpHjj;  ce6aii;HHOBOH  KHcaoxBi  h reKcaMexHaeH^naMHH, 
xaopanrHApHfl;  aAHHHHOBOH  KHcaoxH  n reKcaMexnaeHAHaMHH, 
xaopaHXHApHfl;  xepe(|)xaaeBOH  KHcaoxBi  h reKcaMexnaeHAHaMHH. 
HccaeffOBaHHa  noKaaaan,  axo  Kaa^flaa  cncxeMa  MOHOMepoB 
iiMeex  CBOH  ocoSeHHOcxH  B npoi],ecce  HHxeo6pa30BaHHa. 
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B AaHHOM  coo6in;eHHH  nojiyneHHHe  peayjibTaxH  othochtch  k chc- 
TGMe  MOHOMepoBrxjiopaHrHApH^  ce6an;HHOBOH  khcjioth  h reKcaMera- 
JIGH^naMHH,  xaK  KaK  AJIB  3TOH  CHCTeMH  MOHOMBpOB  yCTaHOBJIGHHHe 

SaKOHOMepHOCTH  npOHBJIHIOTCH  HaH- 
6ojiee  xapaKTepHo. 

IIpH  HSy^eHHH  0C06eHH0CTeH 
npoTeKaHHH  peaKii,HH  nojiHKOH;i;eH- 
cai^HH  B nponiecce  BOJiOKHooSpaao- 
BaHHfl  (pnc.  1)  6hjio  ycTanoBJieHo, 
^TO  yCJIOBHH  o6pa30BaHHH  nOJIH- 
Mepa  Ha  rpannue  ;^BHjKyni;HXCH  cjioes 
pacTBopoB  MOHOMepoB  HO  cpaB* 
HeHHIO  CO  CTaXHHeCKHMH  yCJIOBHH- 
MH  peaKii;HH  na  HenoABHHcntix  no- 
BepxHOCTHX  noBtimaiOT  Buxo^a  no- 
jiHMepoB  H HX  y^ejiBHyio  baskoctb. 

J]|aHHHe  TaSji.  1 noATBepn^j^aioT 

3T0. 

Ohobhaho,  BaaHMOAeficTBHe  pea* 
reHTOB  Ha  noBepxHocra  pasAejia 
ABHH<yni,HxcH  $a3  hphboaht  k co- 
3AaHHio  6oJiee  cosepraeHHHx  h ne- 
npepHBHO  BOCnpOH3BOAHMHX  COOT- 
HOmeHHH  B KOHAeHTpaAHHX  MOHO- 
MepOB  B nOBepXHOCTHHX  H BHyxpeH- 
HHX  CJIOHX,  HeM  Ha  nOBepXHOCTH 
pasACJia  oTHocHxejiLHo  nenoABH- 
JKHHX  $a3.  HaMeneHHe  3xhx  coox- 
HonieHHH  BCJieACXBHe  ecxecxEennoro  nepeMemHBaHHH  pacxBopoB 
MOHOMepoB,  no-BHAHMOMy,  He  o6ecneHHBaex  HeoSxoAHMoro  co- 


CxeMa  $opMOBaHHfl 


Phc.  1 

BOJiOKHa  B npoitecce  Me5K(J)a3HOH 
nojiHKOHAeHcaAHH 

1 — nofla^a  paCTsopa  xjiopaHrnnPH* 
na  HHKap60H0B0fi  khcjiotu,  2 — no- 
naqa  pacTBopa  reKcaMerHjieHnHaMn- 
Ha,  5 — $Hjitepa,  4 — hhtb,  5 — 
npHAHJiBHan  TpySa,  6 — HanpaBjinio- 
man  rajiexa,  7 — BaeHa,  b kotopoh 
npoHcxon^T  npoMMBaHne  hhth  . 


OXBeXCXBHfl  MeH<Ay  CKOpOCXHMH  AH(J)(|)y3HH  MOHOMepOB  H peaKAHH 

, Ta6jiHAa  1 

BjiHHHiie  rHApoAHHaMH^ecKHx  H cxaxM’ieeKHx  ycjioBnfi 
npoBeAeHHH  peani^HH  na  bmxoa  h yAejibnyio  BH3KOCTb 
nojiHMepa 


rnApOAHHaMH^ecKHe  ycjiOBHfl 
(bojiokho) 

CTaTmecKHe  ycjiOBHH 
(njieHKa) 

VnejiBHaa  BasKOCTb 
0,5%-Horo  pacTBopa  b 
TpHKpesojie 

BUXOn* 

% 

ynejibHaa.  BssKocTb 
0,5%-Horo  pacTBopa 

B TpHKpeBOJie 

Bbixon, 

% 

0,66 

85 

0,48 

68 

1,12 

65 

0,52 

48 

1,23 

73 

0,81 

65 
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iiOJiHKOHji;eHcai];HH,  hto  npHsoAHT  k cwyaemiio  bhxoaob  h mojig- 
KyjiflpHoro  Beca  oGpaayiomerocfl  nojiHMepa. 

O^eBHAHo,  B cjiy^ae  $opMOBaHHH  hhth  Ha  rpaHHii;e  flBHjKymHX- 
CH  noTOKOB  MOHOMepoB  peaKn;HH  MeH;$a3HOH  nojiHKOHji;eHcaDiHH 
npoTeKaex  HanSojiee  noJiHO,TaK  KaK  fl;H(|)(J)y3HOHHHH  cjioh  hoctohhho 
ofeoBJifleTCH  H rpa^neHT  KOHii;eHTpaD;HH  na  rpanni^e  pasAe^a  $a3 
BcerAa  Bume,  hgm  b cjiy*iae  ecTecTBenHoro  nepeMeniHBaHHH,  xa- 
paKTepnsyeMoro  HajiHHHGM  6ojiLniHX  «mgptblix»  npocTpancTB. 
HaMGHGHHG  KOHIi;GHTpaH,HH  MOHOMGpOB  H BGJIHHHHH  OTBGpCTHH 
$HJILGpH  OKaStIBaGT  CoJIblHOG  BJIHHHHG  HB  MOJIGKyJIHpHtIH  BGC 
H OCoSgHHO  Ha  BHXOA  HOJIHMGpa,  BTO  HOKasaHO  B Ta6jl.  2. 

' Ta6aima2 

SasncBMOCTb  BwxoAa  h yAcabHOH  Bfl3K0CTH  noaBMepa  or  KOHueHTpaAna 

nCXOAHbIX  MOHOMepOB  H BenH<IHHM  OTBepCTHH  ^^HabGpM 


A^aMeTp  OTBepCTHB  $HJIbepU,  mm 
KoHAeHTpamiH,  % ; 


XJIOpaHrHApHA 

ceOamiHOBofl 

KHCJIOThl 

reKcaMCTHjieH- 

AHaMHH 

yflejibHaa 

BHSKOCTb 

0,5%-Horo 

pacTBopa 

B TpiiKpeaojie 

BUXOA,  % 

ynejibHafl 

Bfl3K0CTb 

0,5%-Horo 

pacTBOpa 

B TpHKpesojie 

BbIXOA.  % 

0,97 

2,32 

0,52 

55 

0,63 

85 

2,43 

4,64 

0,43 

63 

0,52 

82 

3,0 

8,0 

0,76  . 

71 

0,80 

86 

ySGJIHHGHHG  yAeJIBHOH  BH3KOCTH  H HpODiGHTHOrO  BHXOAa  HOJIH- 
MOpa  npH  yMGHbmGHHH  BGJIHHHHH  OTBGpCTHH  B $HJIbGpG  HOATBGpJK- 
ABGT,  HTO  pOaKAHH  HOJIHKOHAeHCaHHH  HB  rpaHHH;G  $a3  MOHOMGpOB 
npOTGKBGT  C OHGHb  6oJIbinHMH  CKOpOCTflMH,  BHa^TGJIbHO  HpGBH- 
HiaiOmHMH  CKOpOCTb  AH$<]^y3HH  MOHOMGpOB. 

B cjiynaG  6ojieG  ysKoro  OTBepcTHB  noBepxHocxb  conpHKOCHO- 
BGHHH  MOHOMGpOB  BOSpaCXaeX  H peaKAHH  npOXGKaex  60JIGG  nOJIHO. 
IIoBHnieHHG  xeMHcpaxypti  pgbkahh  ox  20  ao  50°  npaKXHnecKH  hg 
CKasbiBaGxcfl  na  yAejibHOH  bhskocxh  hojihmgpob,  ho  pG3KO  yMGHb- 
maGx  BHXOA  nojiHMGpa,  hxo  noKasano  na  pnc.  2. 

OhGBHAHO,  HOBHIHGHHG  XGMHGpaxypH  yBGJIHHHBBGX  CKOpOCXb 
rHApojiHsa  xjiopaHruAPHAOB  ahkbpOohobhx  khcjiox,  Koxopan 

SoJIbmG  CKOpOCXH  CBMOH  pGBKAHH  HOJIKKOHAGHCBAHH. 

yCXanOBJIGHO,  HXO  HSMGHGHHG  CKOpOCXGH  HCXGHGHHH  MOHOMGpOB 

B 2 — 3 pasa  hg  bjihhgx  hb  CBOHCXBa  oOpasyiomorocH  nojiHMGpa, 
Hxo  xaK>KG  yKasLiBaGx  Ha  o^ghb  6ojibniyio  CKopocxb  pGaKHjHH,  hg- 
pGKpHBBIOIAGH  B HSyHGHHblX  OpGAOJiaX  BJIHHHHG  rHApOAHHBMHHG- . 
CKoro  ^BKxopa. 
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Bhjio  ycxaHOBJieHo,  ^xo  xapaKxep  paCxBopHxejiH  ajih  moho- 
MepoB  H pasjiHHHiiie  flo6aBKH  k hhm  pesKo  mgehiox  MaKpocKonH^ec- 
Kyio  cxpyKxypy  nojiHMepa  b HHxepBaJie  ox  hjighkh  flo  cycnensHH, 
Hxo,  KaK  MH  ySe^HjiHCb,  OEent  bb^kho  Sjih  BOJioKHooSpaaoBaHHH. 


BblA 

wd,%  7J 

d0‘ 

ZJO 

u 

60 

0 

AO 

- L 

1 

^ \ L^- L 

20  30  AO  50^0 

Plic.  2.  SaBHCHMOCTB  BBIXO^a  H 
YAejiBHOH  Bfl3K0CTH  o6pa3yiomero- 
CH  nojiHMepa  ot  TeMnepaxypH  peaK- 
h;hh 


Phc.  3.  SaBHCHMOCTB  y;^eJII>- 

HOH  Bfl3KOCTH  HOJIHMepa  OT 
HHCTOTBI  HCXO^HHX  ‘ MOHO- 
MepOB 


1 — y^eJibHan  bhskoctii,  2 — bbixoji:.' 


CooTBeTCTByromne  flaHHHe  npHBefleHH  b Ta6n.  3. 


. T a 6 Ji  H n;  a 3 

BaHHHIie  paCTBOpHTCJlfl  Ha  MaKpOCKO- 
HHqecKyio  cxpyKTypy  noanMepa 


PaCTBOpHTeJlb 

1 noJiHMep 

MeTHaxaopHA  • • 

IlaeHKa 

KcHaoa  

CycneH3Hfl 

I(HKaoreKcaHoa  . 

CycneHSHH 

Bojibrnoe  BjiHanne  na  npou;ecc  BOJioKHoo6pa30BaHHH  h CBOHCXBa 
oSpaayiomerocH  nojiHMepa  OKasHBaex  HHCxoxa  hcxoahhx  npo^yK- 
TOB,  HXO  HJIJIIOCTpHpyeTCH  AaHHHMH,  npHBGAeHHHMH  Ha  pHC.  3. 
IIpeABapHTejibHbie  AanHiie  noKasajin,  hto  npoAecc  HHxeoSpasoBa- 
HHH  H CBOHCXBa  HOJIHMepa  SaBHCHX  OT  HOBepXHOCTHOrO  HaTHJKGHHH, 
B03HHKaK)m,ero  na  rpaHHn;e  pasAOJia  mohomgphhx  (j^aa,  a xaKHce 
Ha  rpaHHAe  pasAOJia  HHXb  — jKHAKocxb. 

B 3X0M  CMHCJie  BecbMa  cymecxBeHHo  pasjiHHaTb  CKopocxH  npo- 
n;ecca  nojiHKOHAeHcan.HH,  oxHocHiAHecH  k aKxy  BsaHMOAeHCXBHH 
MOHOMepoB  H K poaKAHH  pocxa  noJiHMepHOH  n;enH. 

Mohcho  npeAHOJiaraxb,  hto  o6e  bth  peaKAnn  SyAyx  no  pasHOMy 
saBHcexb  OT  yKaaanHHX  bhaob  noBepxnocxHoro  naxH^KeHiiH  h no- 
BHAHMOMy  MoryT  oTjiHnaxbCH  a^jko  snaKOM. 
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Summary 

The  method  of  interphase  polycondensation  based  on  the  well 
known  Schotten  — Bauman  reaction  is  a new  direction  in  the  che- 
mistry  of  high  molecular  compounds.  The  low  temperatures  and 
pressures  at  which  this  reaction  takes  place  open  up  enormous 
potentialities  for  the  synthesis  of  new  polymers  and  the  forma- 
tion of  articles  from  them  directly  in  the  course  of  the  reaction. 

The  use  of  this  method  for  the  separate  synthesis  of  the  po- 
lymer with  subsequent  production  of  fibers  is  scarcely  feasible, 
because  in  addition  to  the  difficulties  connected  with  the  tech- 
nology of  fiber  production  from  the  polymer  melt  there  will  be 
difficulties  from  the  economic  standpoint  connected  with  large 
expenditure  of  solvents  and  the  difficulties  of  obtaining  the  ini- 
tial monomers. 

In  some  cases  the  polymers  obtained  in  general  can  not  be  con- 
verted to  fibers  by  the  polymer  fusion  method. 

With  this  in  mind  experiments  were  launched  on  the  use  of 
the  interfacial  polycondensation  reaction  for  the  formation  of 
ibers  and  films  directly  during  the  polycondensation  process. 
The  following  monomer  pairs  were  used  for  the  reaction: 

1)  sebacyl  chloride  and  hexamethylenediamine,  . 

2)  adipyl  chloride  and  hexamethylenediamine, 

3)  terephthalyl  chloride  and  hexamethylenediamine. 

As  one  might  have  expected  polycondensation  takes  place 
differently  in  the  fiber  forming  process  than  under  stationary  con- 
ditions and  under  conditions  of  mixing  of  the  monomers. 

We  studied  the  polycondensation  reaction  on  polyamides  of 
the  ty pe : Polyhexamethyleneadi  pami de , polyhexame thylenese- 
bacamide  and  polyhexamethyleneterephthalamide. 

Fibers  were  spun  in  an  upward  flow  of  the  solutions  of  the 
two  monomers.  The  schematic  and  parameters  of  the  polyconden- 
sation reaction  and  fiber  production  are  described. 

Experimental  data  have  been  obtained  on  the  yields  and  mo- 
lecular weights  of  the  polymers  with  respect  to  the  monomer  con- 
centration and  hydrodynamic  characteristics  of  the  flow  in  the; 
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interfacial  polycondensation  reaction  in  the  process  of  fiber 
formation. 

The  data  have  been  compared  with  the.  results  from  stationary 
conditions.  Considerable  difference  has  been  shown  to  exist  bet- 
ween the  two  modes  of  reaction,  both  as  regards  to  the  yield  and  to 
the  specific  viscosity  of  the  polymers  obtained.  Thus,  for  instance: 


Specific  Viscosity 

(0.5%  solutions  in  cresol)  Yield,  % 


fiber 

film 

fiber 

film 

1.  1.28 

0.81 

73 

65 

2.  1.12 

0.525 

. -65 

48 

A tentative  explanation  of  these  phenomena  has  been  given. 
It  has  been  shown  that  various  additions  play  an  important 
part  in  the  interfacial  polycondensation  reaction.  Cellulose  deri- 
vatives, etc.  were  employed  as  the  addition  agents. 

A method  has  been  developed  for  spinning  fibers  in  the  process 
of  polycondensation  and  the  properties  of  the  filaments  formed 
have  been  investigated.  Fibers  of  specific  viscosity  1.23  have  been 
obtained  with  a yield  of  87%.  ' 

The  fibers  are  capable  of  stretching  to  fourfold  length  and  pos- 
sess a characteristic  hollow  tube  cross  section  that  disappears  in 
the  process  of  drawing.  They  are  of  crystalline  structure  with 
strongly  expressed  fibrillarity,  as  was  shown  with  the  aid  of  an 
electronic  microscope. 


Resume 

La  methode  de . polycondensation  a interphases  basee  sur  la 
reaction,  connue  Schotten  — Baumann  est  une.  nouvelle  direction 
dans  la  chimie.  des  composes  macromoleculaires.  Les  conditions 
d ’execution  . de  la  reaction  de  polycondensation  a interphases 
qui  se  deroule  sans  hautes  temperatures  ,et  pressions,  ou- 
vrent  d’ehormes  possibilites  pour  synthetiser  de  nouveaux  poly- 
meres, .et  en  produire  des  articles.  C ’est  douteux  que  I’applica- 
tion  de  cette  methode  pour  une  realisation  separee  de  technolo- 
gie  de  r*obtention  du  polymere  et  de  son  traitement  en  fibre  soit 
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rationnelle  car  a toutes  les  difficultes  de  la  techno]  ogie]  du  trai- 
tement  des  fibres  a partir  de  la  fusion  du  polymere  s’additionnent 
les  difficultes  economiques,  liees  a de  grandes  depenses  des  sol- 
vents et  les  difficultes  de  Tobtention  des  polymeres  de  depart. 

Dans  certains  cas  les  polymeres  obtenus  en  general  ne  peu- 
vent  pas  etre  traitfo  en  fibre  d'apres  la  methode  de  fusion  du  po- 
lymere. 

A cette  occasion  on  a fait  des  travaux  pour  I’utilisation  de 
la  reaction  de  polycondensation  a la  limite  des  phases  du  fa^on- 
nage  des  fils  et  films  directement  au  cours  du  processus  de  poly- 
condensation. On  a applique  pour  cette  reaction  les  paires  des 
monomeres  suivantes: 

1)  Chlorure  d’acide  sebacique  et  rhexamethylenediamine. 

2)  Chlorure  d'acide  adi pique  et  rhexamethylenediamine. 

3)  Chlorure  d'acide  terephtalique  et  rhexamethylenediamine. 

Comme  il  fallait  attendre  la  reaction  de  polycondensation, 

qui  a lieu  au  cours  du  processus  de  fagonnage  de  fibre,  se  deroule 
autrement  que  dans  les  conditions  stationnaires.et  dans  les  con- 
ditions d 'agitation  des  monomeres. 

Nous  avonsetudie  la  reaction  de  polycondensation  surl’exemple 
des  polyamides:  polyhexamethylenadipamide,  polyhexame- 
thylenesebacinamide,  polyhexamethyleneterephtalylamide. 

La  formation  de  fil  s'executait  selon  le  schema,  base  sur  la 
formation  du  fil  au  flux  ascensionnel  des  solutions  de  deux  mo- 
nomeres. Ensuitele  schema  et  les  parametres  de  reaction  de  poly- 
condensation et  de  fagonnage  de  fil  sont  exposes. 

Dans  ce  travail  on  a obtenudes  donnees  experimentales  pour 
la  reaction  de  polycondensation  a interphases  au  cours  du  fa^on- 
nage  des  fibres,  qui  caracterisent  les  rendements  et  les  poids  mo- 
leculaires  des  polymeres  selon  le  changement  des  concentration 
des  monomeres  et  caracteristiques  hydrodynamiques  des  flux. 

Une  comparaison  de  ces  donnees  aux  donnees  stationnaires 
des  conditions  de  reaction  est  presentee.  Les  differences  essentiel- 
les  dans  le  deroulement  de  cette  reaction  caracterisees  par  un 
rendement  different  et  par  une  viscosite  specifique  du  polymere 
obtenu  sont  mon trees,  par  example 

Viscosite  specifique 

(0,5%  des  solutions  en  cresol)  Rendement  % 
fibre  film  fibre  film 


1.  1,23  0,81  73  65 

2.  1,12  0,525  65  48 
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Une  explicatibii  'preliminaire  a ces  phenomenes  est  donnee. 

' Le  role  essen tie!  de  divers  additions  pour  la  rbaction  de  poly- 
condensation  a interphases  est  montre.  Cqmme  additions,  on  a 
utilise  les  derives  de  cellulose  etc. 

bn  a elabore  une  methode  du  faqonnage  de  fibre  au  cours  du 
processus  de  polycondensation  et  on  a etudie  les  proprietes  des 
fils  qui  se . ferment. 

Des  fibres  viscosite  specifique  1,23  et  a rendement  de  87% 
ont  ete  obtenues. 

^ Les  fibres  sent  capables  d’etre  filetees  de  4 fois  et  ont  un  ci- 
saillement  typique  d ’une  tube  creuse  qui  disparait  au  cours  d’em- 
boutissage.  • 

Les  fibres  possedent  une  structure  cristalline  ayant  une  nette 
fibrillarite  ce  qui  est  montre  par  une  microscopic  electronique. 
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CHHTES  nOJIHyPEH3,OB  METOflOM 
nOJIHKOHflEHCAI^HH 
HA  rPAHHn,E  PA3J|;EJIA  a)A3 

Jl.  AJieKcaud  py,  JI.fl,acKaJiy 

(PyMHHHH) 


He^aBHo  onHcaHHHH  CHHTea  nojiHMepoB  nyTeivi  nojiHKOH^eHca- 
ii,HH  Ha  rpaHHn;e  paa^ejia  (J)a3  MOJKex  CHHTaTbCH  o^khm  h3  BajKHtix 
ycnexoB  MaKpoMOJieKyjiHpHon  xhmhh  nocjieAHero  ..BpeMenn  [1], 
KaK  leopcTHHecKoe  3HaHeHHe,  Tan  h BoaMOJKHtie  npaKTHHecKne 
CJieACTBHH  npo6yAHJiH  6ojibmoH  HHTepec  k axony  oxKpHXHio,  > 

IIoJiHKOHAeHcai^HH  Ha  rpaHHij;e  pas^ejia  (j[)a3  npeACTaBJinex 
C060H  HOBHH  MexoA  nojiyneHHfl  nojiHMepoB  c 6oHbniHM  MOJieKyjiap- 
HHM  BecoM  B oHeHb  yAoSHHX  ycjiOBHHx:  KopoTKHH  cpoK,  axMoc^ep- 
Hoe  AaBJieHHG  h HecjioKHaa  annapaxypa.  3xox  Mexojii  ne  xpeSyex 
6ojibniOH  HHCxoxH  peareHXOB,  a xaKH^e  cxpororo  cooxHomeHHH  Me- 
H^^y  HHMH,  HO  n03B0JIHeX  BeCXH  HOJIHKOHAeHCaniHK)  XaKHM  o6pa30M, 
HxoSbi  HOJiyHHXb  nojiHMepH  c H^ejiaeMHM  MOJieKyjiapHbiM  bgcom. 

MexoAOM  nojiHKOHAeHcan;HH  Ha  rpaHHn;e  paa^ejia  (J)a3  Shjih 
CHHXe3HpOBaHH  HOJIHaMHAbl,  nOJIH3(J)HpbI,  nOJIHCyab(|)aMHAbI  H Ap. 

B Hacxoflni,eH  pa6oxe  paccMaxpHBaexca  peaKH;HH  nojiyneHiiH 
noJiHypeHji;oB  nyxeM  noJiHKOHfleHcai];HH  na  rpaHHn;e  pas^eJia  (J)a3: 

UccjieAOBaHHHHpoBOAHjiH  c nojinypeH^OM,  nojiyaeHHHM  H3  reK- 
caMexHJieHAHaMHHa  h ^ocreHa  [2]  no  peaKii.HH: 

(n+ 1)H2N  — R — NH2  + rtGOGl2“>  . ‘ 

H2N  — R — NH  — [GO  — NH  — R— ]„  — NH2  + 2nHGl 

PeaKii;Hfl  6HJia  ocyni.ecxBJieHa  b ycjiOBiiHX  conpHKOCHOBeHHH  - 
peareHXOB  b bh^g  pacxBopoB. 

IIpH  BJiHBaHHH  pacxBopa  ^ocrena  b HexbipexxjiopncxoM  yrjie- 
poAe  B mejiOHHOH  pacxBop  reKcaMexHJieHAnaMHHa  b boa©  3aMe- 
naexcH  oSpaaoBanne  hjighkh  nojiHMepa  na  nosepxHocxH  pasAejia 
HecMeniHBaK)ni.HXCH  $a3.  Epn  nepeMemHBaHHH  o6ohx  cjiogb  na- 
6jiioAaexcH  hohxh  nrHOBennaH  peaKn;HH  nojiHKOHAecaAHH  h b xo>Ke 
BpeMH  pesKHfi  pocx  xeMnepaxypbi. 
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IIojiyHeHHHH  nopomKOoSpasHBiH  nojiHMep  Sejioro  ujEeia  c bm- 
xoAOM  B onTHMajibHBix  ycjiOBHflx  6ojiBnie  95%,  6hji  ot(|)hjibtpo- 
BaH  H npoMHT  BOAOH  AO  HeHTpajiBHOH  peaKAHH,  a saxeM  BBicyineH  Ha 
B03Ayxe  npn  60°.  Oh  HMeji  cjieAyioiUHe  xapaKTepncTHKH: 

а)  npHBeAOHHaH  bhskoctb  [t]]  — 0,85 — 0,93, 

б)  paCTBOpHMOCTB  — paCTBOpHM  B Ji-Kpe30Jie,  AHMeTHJI^OpM- 
aMHAe,  an;eTOHe,  cepnoa  KHCJioie, 

e)  XepMOCTOHKOCTB  — npH  TGM- 

nepaxype  ao  200°  He  saMBHaexcH 
HHKaKHX  H3MeHeHHH,  HpH  220°  Ha- 
HHHaexcH  nojKejixeHHe,  a npn 
260°  HOJiHMep  pasjiaraexcH. 

MexaHH3M  HOJiHKOHAencaniHH 

Ha  rpaHHAe  pasAeJia  npii 

HOJiyHeHHH  HOJiHypeHAOB  6biji 
H3yHeH  nyxeM  onpeAejieHHH  bjihh- 
HHH  cjieAyioni;HX  napaMexpoB  na 

0 ~W  To  To  To.  To  MOJieKyJIHpHBIHBeCHBHXOAnOJIH- 

BpeMR.MUH  MepoB:  npoAOJi>KHxejiBHocxH  h 

Phc.  1.  3aBHCHMocTi>  BH3KOCTH  xeMHepaxypBi  peaKAHZ,  MOJinp- 
OT  npOAOJiHtHxejiBHOCTH  peaKi^HH  Horo  cooxHonieHHH  Me>KAy  pea- 

renxaMH,  HsSbixKa  thapookhch 
HaxpHH,  KOHAeHxpaAHH  pacxBopa  (|)ocreHa,  KOHii;eHxpaAHH  pac- 
XBopa  reKcaMexHJieHAHaMHHa  h npHpoAH  oprauHnecKoro  pac- 
XBOpHXejIH. 

HaMeneHHe  MOJieKyjinpHoro  Beca  6hjio  HCCJieAOBano  nyxeM 
onpeAejieHHH  HSMeHeHHH  npaBeAennoH  bhskocxh  [t]]. 

. ycxaHOBJieHO,  nxo  npoAOJiJKHxejiBHocxb  peaKn;HH  npaKXHzecKH 
He  0Ka3BiBaex  HHKaKoro  bjihhhhh  Ha  MOJieKyjinpHBin  Bee  h bbixoa- 
KpHBan  saBHCHMocxH  BH3K0CXH  OX  BpeMeHH  (pHC.  1)  npeACxaBJiaex 
co6oh  npHMyio,  napajiJiejibHyio  och  a6cn;HCC,  ecjiH  no  opAHnaxe 
oxjiojKena  BH3KOCXb. 

CKopocxb  peaKAHH  poexa  MaKpoMOJieKyjinpHon  njenn,  b cjiynae 
noJiHKOHAeHcaAHH  noJinypenAOB  na  rpaHHAe  paaAOJia  $a3,  onenb 
BejiHKa  H npH6jiH>KaexcH  k CKopocxH  peaKAnn  aghhoh  hjih  hohhoh 
nojiHMepnaaAHH. 

^PeaKAHH  HBJinexCH  GHJIBHO  3K30XepMHHeCK0H.  IIpH  HCCJieAOBa- 
HHH  KpHBOH  SaBHCHMOCXH  XOMnepaxypH  ox  BpeMeHH  BHAHO,  nxo 
MaKCHMajiBHan  xeMnepaxypa  Aocxnraexcn  npn  chjibhom  nepeMe- 
HiHBaHHH  yH«e  ‘B  xeneHHe  30  ceKyHA. 

HmOH  B BHAy  HHepAHH)  H3MepHXeJIbHHX  npnSopOB,  MOHCHO  CHH- 
xaxb,  Hxo  AJi>i  axoro  cjiynaa  peaKAHH  npoxenaex  nonxH  MrnoBeHHo. 

IloHHJKeHHe  xeMnepaxypH  cnoco6cxByex  poexy  MOJieKyjmpnoro 
Beca  H BBixoAa  (pnc.  2). 

HHxepBajia  xeMnepaxyp  ox +10  ao  — 20®  bhskocxb  KOJieO- 
jiexcH  Me>KAy  0,08  h 0,86,  a bbixoa  — MeacAy  80  h 98%. 
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ycTaHOBJieno  TaK>Ke,  hto  He6ojii>inoH  hsSeitok  reKcaMexHJieHAH- 
aMHHa  no  oxHoineHnio  k (|)OcreHy  6jiaronpHHTCTByeT  pocxy  MOJie- 
KyjiapHoro  Beca  (pnc.  3). 

j Bo3mo}kho,  nxo  b HaaajitHOH  (J)a3e  onpeAejieHHoe  nHCJio  MOJie- 
Kyji  reKcaMexHJieHAnaMHHa  6hji6  napaoxoAOBano  b peaKAHH  c 
nojiyneHHOH  cojihhoh  khcjioxoh,  c oSpaaoBanneM  cooxBexcxByio- 
in.Hx  xjioprHApaxoB, 


Flic.  2,  SaBHCHMOCTB  OT  XeMHepa-  PhC.  3.  SaBHCHMOCTB  Bfl3- 
Typbi:  KOCTH  OT  COOTHOmeHHfl 

1 — BHxona,  2 — BH3KOCTH  pearoHTOB 

OrpaHHneHHHi  h36htok  reKcaMexHJienAnaMHHa  AonycKaet  co- 
xpanenne  b yKaaaHHtix  ycjiOBHflx  aKBHMOJieKyjiapnoro  cooxHome- 
HHH  Mea^Ay  pearenxaMH.  Onenb  6ojibniOH  h36htok  reKcaMexnjieHAn- 
aMHHa  BH3HBaeT  yMeHbmeHHe  MOJieKyjiapHoro  .Beca  b cbh3h  c 
pocxoM  BepoHXHocxH  paapHBa  MaKpoMOJieKyjiflpnoH  AenH. 

Bujia  Haynena  aaBHCHMocxb  BaaKOCXH  ox  Mojiapnoro  cooxho- 
meHHH  4)ocreH  : reKcaMexHJieHAHaMHH  (pnc.  4). 

Tox  $aKT,  Hxo  BHSKOcxb  AocxHraex  MaKCHMyMa  npn  cooxHome- 
HHH,  paBHOM  1 , a aaxeM  Haannaex  naAaxb  — noAXBepjKAaex  BLinie- 
HajiOH?eHHoe. 

pH  pacxBopa  bjihhbx  Ha  MOJieKyjiapHHH  Bee  h Ha  bhxoa  no.xH- 
Mepa  (pnc.  5), 

B oxcyxcxBHe  thapookhch  HaxpHH  nojiynaioxcH  noJiHMepu  c 
MajitiMH  MOJieKyjiapHHMH  BecaMH  h c MajiHMH  BHXOAaMH,  a npH 
naSuxKe  xhapookhch  naxpHH  (no  oxHomennio  k nojiyneHHOH  cojih- 
HOH  KHCJIOXe)  BH3KOCXi>  paCXeX  H B XO  JKe  BpeMH  yBeJIHHHBaeXCH 
BHXOA.  9to  o6x>HCHHeTCfl  xeM,  HTO  cojiHHaH  KHCJioxa,  nojiyneHHaa  b 
peayjiBxaxe  peaKAHH,  oSpaayex  c A^aMnnaMH  xjioprHApaxH,  yMenb- 
maa  hx  peaKn;H0HH0CH0C06H0CXb.  Fhapookhcb  naxpna  npH6aBJia- 
lox  ajih  HefopajiHaaAHH  o6pa3yioii];eHca  coJianoH  khcjioxh;  axa 
peaKAHH  npoxeKaex  b boahoh  $a3e. 
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MojieKyjiHpHHH  Bee  noJiHMepa  HaMenaeTCH  b aaBHCHMOCTH  or 
KOHi3;eHTpau,HH  pacTBopa  ^ocrena  (pnc.  6). 

IlpH  yBejiaaeHHH  KOHi];eHTpai][HH  pacxBopa  ^ocreaa  BasKOCTb, 
a cjieAOBaTejibHo,  h MOJieKyjiapHtiH  Bee  paexyx,  ho  bhxoa  yMenb- 
maeTea.  IlepBHe  MOJieKyjiH  ^naMnna,  KOTopbie  npoHHKaioT  b cjiok 
Ha  rpaHHii;e  paa^ejia  h3  opraHHaeeKoii  epe^u,  HMeioT  bosmojk- 
Hoexb  b ejiyaae  SojibinoH  KOHi];eHxpan;HH  <J)oereHa  Bexynaxb  b pe-> 
aKii,HK)  e flByMH  MOJieKyjiaMH  ^oerena,  oSpasya  ojinroMepbi,  HMeio- 
n^ne  na  o6ohx  KOHi];ax  axH  MoaeKyjiapHHe  SBenba.  ^jia  cjiB^yio* 


COCI2 

Pile.  4.  SaBHCHMOCTB  BH3KOCTII 
OT  cooTHOmeHHH  peareHTOB 


Pmc.  5.  BjiHHHHe  HsSbiTKa  NaOIl 
i — Ha  BHxo^,  2 — Ha  bhskoctl 


ni,HX  MOJieKya  AHaMHHa  paexex  BepoaxHoexb,  axo  ohh  ncxynar 
B peaKii;Hio  c axHMH  ojinroMepaMii,  o6pa3ya  SojibniHe  MaKpoMoae- 
KyaapHHe  n;enH. 

Cae^OBaxeabHo,  BHeoKiie  KpHn;eHxpaii,HH  ^ocrena  enoco6exByioT 
poexy  MaKpoMoaenyaapHOH  ii;enH.  Hcho,  axo  poex  KOHi];eHxpai^HPf 
eBLinie  onpeAeJieHHoro  npeAejia  6yAex  He6jiaronpHaxHO  BJiiiaxb  Ha 
poex  .MaKpoMOJieKyjiapHOH  H;enii.  yMeHbineHne  Bbixo^a  aBJiaexca 
peayjibxaxoM  noxepb  (j)oereHa,  KoxopHe  b ejiyaae  pa36aBjieHHbix 
paexBopoB  6biBaiox  Meabine,  aen  b ejiyaae  KOHi];eHxpiipoBaHHbTX 
paexBopoBi 

^jia  paexBopoB  reKcaMexHJieHAnaMHHa  yexanoBjieHo,  axo  poex 
KOHii;eHxpaii;HH  onasbiBaex  oxpm];axejibHoe  BJinaHne  na  Moaeay- 
aapHHH  Bee.  Ilpn  neeaeAOBaHHH  kphboh  aaBHeHMoexii  BaaKoexH 
ox  KOHn;eHxpai],HH  paexBopa  ji;HaMHHa  (pne.  7)  oxMeaeno,  axo  Ba3- 
Koexb  yMeHbinaexea  e poexoM  KOHii;eHxpan,HH  reKeaMexHaenanaMH- 
Ha  B BO^e.  PeaKi],Ha  nbayaenna  noaHypenAOBBaxHxyeaoBHax  npoxe- 
KaexHa  rpaHHi];e  paafleaa  A^yx  $a3,  npeHMym,eexBeHHO  b noaepx- 
HoexHOMeaoe  opraHHaeeKon  (J)a3H. 

^aa  xoro,  axo6H  noayanxb  noaniviepH  e SoabniHM  MoaeKyaap- 
HbiM  BeeoM,  HeoSxoAHMo,  axo6H  eooxHomeHne  Meatfly  pearenxaMH  B 
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3TOM  cjioe  6hjio  aKBHMOJieKyjiapHHM.  9to  cooTHOineHHe  onpefle- 
JIHGTCH  CKOpOCTBK)  MOJieKyJI  TeKCaMeTHJieHflHaMHHa.  Cko- 

pocTb  AH$$y3HH  reKcaMeTHJienAHaMHHa,  npeACTaBjiHiomaH  co6oh 


f^OHuehmpatiuff  pacmSopa,  % 

PhC.  6.  BjIHHHIie  KOHI^eHTpaUiHH 
(focreHa: 

1 — na  BaaiwcTt,  2 — na  bmxoj; 


KoHueHfTjpauufi  pocmSopa 

- PhC.  • 7 . ' 'SaBHCHMOCTB  BflSKOCTIT. 
OT  KOiin,eHTpaaHH  pacTBopa  reKcaMexu- 
jieHAHaMHua 


$yHKu,mo  KOHi],eHTpan,HH  BO^Horo.  pacTBopa,  . Bce  me  ne  AOJiJKiia 
npeBBimaTb  onpeAejienHoro  npeflejia,  o6ycjiOBJieHHoro  CKopocTbia 
peaKii,HH  pocxa  MaKpoMOJieKyjiapHoii  i],enH,  ;n,jiH  xoro,  hxo6li  6i>TJia 


Phc;  8.  MaMeHeHHe  TeMnepaxypLi  b aaBHciiMbcTii  ot  npOAOJi>KH- 
TGJitHOcTH  peaKn,HH: 

j — B aBCTone,  2 — b qexbipexxJiopiiCTOM  yrjiepOAe 

ycxpanena  bo3moh«hocti>  noflBJieHHH  SojiBmoro  aacjia  aKxiiBHBix 
i^enxpoB  H na^eHHH  MOJieKyjiapHoro  Beca. 

Hayaena  nojiHKOH;i;eHcaii;HH  b oxcyxcxBne  opraHH^ecKoro  pac- 

XBOpHXeJIHH  SaBHCHMOCXB  OX  npHpOABI  HCnOJIBBOBaHHOrO  OpraHH^e-- 

CKoro  pacTBOpHxejia;  ajih  axoii  ii;ejiH  HCCJieAOsajiH  BjiHHHHe  pac- 
xBopiiMOCXH  pacxBopHxejiH  AJiH  (J)OcreHa  b pacxBopnxeJie  ^jih  reK- 
caMexHJienj^HaMHHa  (BO^a).  ^ „ > 
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B TaSjiHT^e  ^pH[Be;^eHo  necKOJiBKo  peayjiBTaTOB,  nojiyneHHHX  npH 
nojiHKOH^eHcaniHitreKcaMeTHJieH^^HaMHHa  c (|)ocreHOM  b pasjiHHHHX 
opraHH^ecKHX  pacTBopmejiax,  a na  pnc.  8 noKasanBi  KpHBBie  H3- 
MeneHHH  leMnepaiypH  b BaBHCHMocra  ot  npoAOJia^HTejiBHOcra 
peaKii;Hii  ^^JIH  AByx  pacTBopHTejieH  — aD;eTOHa  h aeiBipexxjio- 
pHCToro  yrjiepoAa. 


PeayjibTaxbi,  nojiy^enHwe  npn  nojiHKOH^eHcaqHH 
4)ocreHa  o reKcaMernaeH^HaMBHOM  b pasjinqHbix 
paCTBOpHXeJIHX 


OpraHHqecKHH  pacTBOpHTejib 

PaCTBOpH- 
MOCTb  * 

B BOfle 

[73] 

Be3  paCTBOpHTGJlH 

0,02 

Aagtoh  

nojiHaa 

0,05 

HHTpo6eH30JI . 

0,2 

0,52 

XjIOpO^OpM  . 

0,08 

0,025 

MexHpexxjiopHCTHH  yrjiepofl 

0,08 

0,53 

Benaoji  ......... 

0,07 

0,46 

Tojiyoji  . 

0,00 

0,40 

Xjiop6eH30Ji  . 

0,00 

0,07 

Mb  Ta6jiHmii  cjieAyex,  hto  BOTcyTCTBne  oprannaecKoro  pacTBO- 
pnxejiH  HJiHB  cjiyaae  pacxBopHxeaa,  pacxBopHMoro  b boab  (aii,exoH), 
peaKAHH  nojiHKOHAeHcau;HH  Be^ex  k nojiyaennio  nojiHMepoB  c 
oaeHB  MajiHMH  MOJieKyjiapHHMH  BecaMH. 

MajiBie  Ba3K0CXH,  nojiyaenHHe  npn  ynoxpeSjiennH  xjiopo^opMa 
H xjiop6eH30Jia,  o6i>acHHK)xcH  xgm,  axo  reKcaMexHJieHAnaMHH  pac- 
xBopuM  B axHX  pacxBopnxejiHx. 

Ilpn  HCCJieAOBaHHH  KpHBBIX  HBMeHeHHH  XeMHepaxypH  B 3aBH- 
•CHMOCXH  ox  npOAOJIJKHXeJIBHOCXH  peaKH,HH  (pHC.  8)  OXMeaeHO,  HXO 
npn  noJiHKOHAeHcan;HH  b cpefle  aD;exoHa  MaKCHMajiBHaa  xeMne- 
paxypa  Aocxnraexca  3a  MeHBniHH  npoMeacyxoR  BpeMenn,  aeM  npn 
nojiHKOHAeHcaAHH  b aexHpexxjiopHCxoM  yrjiepoAe,  b OAHsaKOBBix 
ycjioBHHx  pa6oxBi.  3xo  pasjiHHne  HBJiaexcH  pesyjiBxaxoM  paajina- 
Horo  npoMOH^yxKa  BpeMenn,  neoSxoAHMoro  ajih  AH$$y3HH  MOJie- 
Kyji  pearenxoB  b cjioh  Ha  rpaHHAe  pas^ejia  $a3  b cjiyaae  CMemn- 
BaiomHxcH  H HecMeniHBaioiAHxcH  pacxBopHxejieH. 

CKopocxB  nepeMeniHBaHHH  oKaBHsaex  saiviexHoe  BJiHanne  na 
HBMeHeHHG  xeMnepaxypH  bo  BpeMH  nojiHKOHAeHcan.HH,  a cjigao- 
BaxejiBHo,  H Ha  CKopocxB  peaKAHH. 

HsMeneHne  xeMnepaxypH  b aasHCHMOCXH  ox  npoAOJiHcnxeJiBHo- 
cxH  peaKHHH  npn  nojiHKOHAeHcanHH  reKcaMexnjieHAnaMHHa  c (j)oc- 
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renoM  b neTtipexxjiopHCTOM  yrJiepoAe  ajih  xpex  paBJiHTOux  cko- 
pocxeH  nepeMemHBaHHH  (800,  1250  h 1500  o6Imuh)  HBJiHexcH  paa- 

JIHHHMM  (pnc.  9,  KpHBMe  1,  2,  5),  HTO  ftOKaSMBaeT  BJIHHHHe  HBJie- 
HHH  Ji;H(j)(|)y3HH. 

r 


Phc.  9.  HaMenenHe  TeraepaTypti  b aaBHCHMOCTH  ot  npoAOjiWH- 
[TeJitHOCTH  peaKi^HH  npii  cKOpocTHx  nepeMemenHH 

1 — 700,  2 — 1250,  3 — 1500  o6|mhh  ' 

Bo  BpeMH  nojiHKOH^eHcaii,HH  BOKpyr  Kanejib  opraHmecKoro 
pacTBOpHxejiH  o6pa3yK)TCH  njieHKH  nojiHMepa,  KoxopHe  Memaiox 
;i;ajibHeHmeH  AH$$y3HH  pearenxoB,  ne  BCxynHBDiHX  b peanniHio 
(pnc.  10).  ripH  nepeMemHBaHHH  axH  njieHKH  y^ajiKioxcH,  yBejiHHHBaa 
€Bo6oAHbie  noBepxHocxH,  na  KoxopHX  Momex  Hfl;xH  noJiHKOH;[^eHca- 

I1,HH. 

MexaHH3M  HOJiyHeHHH  HOJiHypeHAOB  nojiHKOHAeHcan;HeH  na 
rpaHHn,e  pas^eJia  ^>33  mojkho  npeacxaBHXb  cjieAyiom;HM  oSpasoM 
(pnc.  10):  peaKAHH  npoxenaex  na  rpaHHn;e  pas^ejia  HecMemn- 
BaK)m,HxcH  pacxBopHxejieH,  npeHMyn^ecxBeHHo  b noBepxHocxHOM 
€jioe  opraHHHecKOH  $a3bi.  3Aecb  MOJieKyjiH  AHsiMHHa  BCxpenaioxcH 
c MoneKyjiaMH  ^ocreHa.  Ban^y  xoro,  hxo  MOJinpHan  KOHAeHxpa- 
AHfl  pacxBopa  ^ocrena  Oojibme,  OAna  MOJienyjia  AHaMHHa 
MOHcex  Bcxynnxb  b peaKAHio  c MOJieKyjiaMH  ^ocrena.  Cjie- 

AyioiAHe  MOJieKyjiH  AnaMHHa,  An^^yHA^pyioiAHe  b opraHnnecKyio 
<J)a3y,  Bcxpenaiox  cjioh  OJinroMepoB  (na  o6ohx  KOHi];ax  Koxopux 
HaxoAHxcH  ocxaxKH  (|)ocreHa)  n MOJienyjiH  ^ocrena,  ne  BcxynHB- 
mne  b peaKAHio  (pnc.  10). 

IIojiHMep  o6pa3yexcfl  b pe3yjibxaxe  peaKn;HH  nojiHKOHAencaAHH, 
HpoxeKaK)m;eH  c oneBb  6ojibmHMH  CKopocxBMH  h BCJieACXBHe  yBe- 
jiHHeHHH  B03M05KH0CXH  BCxyHJieHHH  AsaMHHa  B peaKAHK)  c pacxy- 
meH  MaKpoMOJieKyjiflpHoii  n,enbK),  a ne  c hoboh  MOJieKyjiOH  (J)oc- 
rena. 
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Pojib  noBepxHocTH  Ha  rpaHHii;e  pas^ejia  $a3  cboahtch  k TOMy 
HTO  OHa  o6ecneHHBaeT  nocxeneHHoe  An(J)(|)yHAHpoBaHHe  MOJienyji! 
AHaMHHa  K cjiOK)  pasAejia  (J)a3,  tab  ohh  BCxpenaiOT  MOJieKyjiH  $oc- 
rena.  BcjieACTBHG  axoro  MOJieKyjiapHHH  bgc  pacxex  c pocxoM  koh- 
n;eHxpan,HH  pacxBopa  (|)ocreHa  ii  naAaex  npn  yBejinaeHHH  kohabh- 
xpau,HH  pacxBopa  A^aMnna.  06pa30BaBrnaHCH  cojianaa  KHCJioxa 
CBasLiBaexca  MoaeKyjiOH  AnaMnna  hjih  AH$(|)yHAHpyeT  b BOAy, 
tab  66  Hefopajinayiox  thapookhcbio  naxpHa.  KojiHaGcxso  AwaMn- 
Ha,  KOTopoG  AH(|)$yHAHpyGx  K opraHHHGCKOMy  pacxBopiixejiio^ 
OnpGABJiaGX  CKOpOCXb  pGaKAHH. 


a 

Phc.  10.  nojiHKOHABHcaAHH  nojiHypeHAOB  na  rpanHAe  paa^ejia 

$a3 

a — 0e3  nepeMemHBaHHH,  6 — npii  nepeMeniHsaHiiH 

B xoM  cjiyaaG,  KorAa  opraHiiaecKHH  pacxBopnxGJiB  pacTBopm 
B BOAB,  CKOpOCXB  AH4>$y3HH  AHaMHHa  SOJIBHIB  CKOpOCTH  pOCXa  MBK- 
poMOJiGKyjiapHOH  Aenn,  h no  axon  npnanHe  ne  Moryx  o6pa30BaxB- 
ca  nojiHMepBi  c CojiBianMii  MoaeKyjiapHHMH  BGcaMH, 

BBi6opoM  pacxBOpHXBjien  n npaMeHemieM  cooxBGxcxByioiAHx  koh- 
-ABHXpaAHH  paCXBOpOB  M05KH0  C03AaBaXB  nOJIHMGpBI  C .JKGJiaGMBIM 
MOJiGKyjiapHBiM  BGCOM.  OnBBHAHO^.nxo  MexannsM  nojiyaGHna  nojiii- 
ypeHAOB  MexoAOM  noJiHKOHABHcaAHH  na  rpannAB  pasAGJia  (J)a3  aa- 
jiaBxca  B oSiAHX  aepxax  cxoahbim  c MexannaMOM,  apga^ojkbhhbim 
AJia  noJinaMHAOB. 

EoaHKOHABHcaAHa  na  rpannAB  pasABJia  (J)a3  oxKpHsaBx  hobbio 
nBpcnGKXHBBi  AJi^  MaKpoMOJiBKyjiapnoH  xhmhh;  ee  npiiMenenne 
no3BOJiHX  ynpocxHXB  xexHoaornaecKHG  njpoABCCBi  nojiynenna  ne- 
KOXOpBIX  H3BGCXHHX  nOJIHMepOB  H CHHXeSHpOBaXB  HeKOXOpBIG  HOJIH- 
MepBE,  KOxopBiB  HG  Moryx  6bixb  nojiyaBHBT  KJiaccnaecKHMH  Mexo- 
AaMH. , 
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Summary 

The  interfacial  polycondensation  method  is  one  of  the 
main  achievements  recently  made  in  the  chemistry  of  high 
molecular  compounds.  Its  theoretical  importance  and  the  expec- 
ted practical  results  aroused  considerable  interest  in  the  method. 
By  its  means  polyamides,  polyesters  and  polyurethanes  have 
been  synthesized.  . 

The  present  report  is  devoted  to  a presentation  of  the  results 
-of  an  investigation  into  the  interfacial  synthesis  of  polyureides. 
The  synthesis  was  carried  out  starting  from  the  diamines  and 
phosgene: 

nHzN  - R - NHa  + /iGlaCO NH2  - [R  - NHG0NH1^_^NH2. 

In  this  particular  case  the  diamine  used  was  hexamethylenediamine. 
The  reagents  were  brought  in  contact  in  the  form  of  their  solu- 
tions, namely  in  aqueous  alkali  in  the  case  of  the  amine  and  in 
various  organic  solvents  in  the  case  of  phosgene. 

The  effect  of  the  solubility  of  the  phosgene  solvent  in  the  he- 
xamethylenediamine solvent  (water),  on  the  yield  and  reduced 
viscosity  of  the  polyureides  was  investigated.  It  was  found  that 
with  increase  in  solubility  both  the  yield  and  the  viscosity  de- 
creased. 

The  influence  was  also  studied  of  the  molar  ratio  of  the  re- 
agents, of  excess  NaOH,  of  the  solution  concentration,  of  the  du- 
ration of  reaction,  of  the  temperature,  etc.,  on  the  degree  of 
polymerization  and  reduced  viscosity  of  the  polymers.  A lower- 
ing of  the  temperature  favors  growth  of  molecular  weight.  For 
temperatures  between  10°  C.  and  — 10°  C.  the  viscosity  varies 
within  ,the  limits  0.08  to  0.7. 


Resume  / 

La  syn these  des  polycondensats  par  polycondensation  interfa- 
ciale  communiquee  recemment,  pent  etre  consideree  comme  Fun 
des  plus  grands  succes  de  la  chimie  macromoleculaire  de  ces 
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derniers  temps.  Sa  signification  theoriquede  meme  que  les  con- 
sequences pratiques  qu’elle  aura  probablement,  ont  eveille  un 
interet  tout  parti culier  vis  a vis  de  cette  decouverte'. 

Par  polycondensation  interfaciale  ont  ete  synthetises  des  po- 
lyamides, des  polyesters  et  des  polyurethanes. 

Le  present  travail  a pour  objet  T etude  de  Tobtention  des 
polyur6ides  a I’aide  de  la  polycondensation  interfaciale. 

La  synthese  a ete  realisee  a partir  de  diamines  et  de  phosgtoe. 

/^HgN  - R - NH2  + nChCO  NH2  - [R  — NHCOHN  — RJ^^^NHg. 

L’etude  a ete  effectueesur  lepolyureide  obtenu  de  Thexame- 
thylenedi amine.  La  reaction  a ete  realisee  par  mise  en  con- 
tact des  agents  de  reaction  sous  forme  de  solution. 

L'hexamethylenediamine  a ete  utilisee  sous  forme  de  solu- 
tion aqueuse  alcaline  et  le  phosgene  a ete  dissous  dans  divers 
solvants  organiques. 

On  a etudie  I’influence  de  la  solubilite  du  solvent  du  pbos- 
gene  dans  le  solvant  de  rhexamethylenediamine  (eau)  sur  le 
rendement  et  sur  la  viscosite  intrinseque  de  la  polyamide  obte- 
nue.  On  a constate  qu’au  fur  et  a mesure  que  la  solubilite  du  sol- 
vant organique  dans  Teau  augmente,  le  rendement  en  polymere 
diminue  et  la  viscosite  diminue  de  meme. 

On  a aussi  etudie  I’influence  du  rapport  molaire  des  reac- 
tifs,  de  Texces  de  NaOH,  de  la  concentration  des  solutions,  de  la 
duree,  de  la  temperature,  etc.,  sur  la  conversion  et  sur  la  visco- 
site intrins^ue  des  polyamides  resultant. 

Une  baisse  de  la  temperature  favorise  T augmentation  du 
poids  moleculaire.  Pour  les  temperatures  variant  entre  -flO*C 
et — 10*C,  (t])  varie  entre  0,08  et  0,7. 
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KATAJIHTHHECKOE  ^EflCTBHE 
HEKOTOPWX  COE^HHEHHH  METAJIJIOB  HA  PEAKD.HK) 
0BPA30BAHHH  HOJIHyPETAHOB 

A,  A.  B Aazonp  a e oe  F.  A.  J1  e e no  e uh^ 

H.  A*  II  p onuna 

(CCCP) 


J^aHHHe  O BJIHHHHH  OKHCJIOB  MBTaJUIOB  H COJIBH  Ha  peaKH;HK> 
n0JIHH30n;HaHaTaMH  H nOJIHOKCHCOeAHHGHHHMH,  B peayjib- 
Taxe  KOTopoH  oSpaayiOTCH  nojinypexaHu,  b jiHxepaxype  noHxn  noji- 
HOCTBK)  OTCyXCTByiOT. 

CBGAeHHH  no  3T0My  Bonpocy  orpaHHHHBaiOTCH  yKaaaHHHMH,’ 
HTo  peaKAHH  o6pa30BaHHH  nojinypexanoB  ycKopnexcfl  cojihmh  th- 

JKGJIHX  MexaJIJIOB  H HTO  B HpHCyXCTBHH  HGKOTOpHX  MHHGpaJIbHHX 
nnrMeHTOB  pesKO  noBHinaeTCH  CKopocxL  nepexoAa  nojinypexano- 
Bbix  jiaKOBbix  CHCxeM  ^ B cxyAHeoSpasHoe  nepacxBopHMoe  cocxoa- 

HHe  [1—3]. 

HaMH  6hJIO  HSyaeHO  BJIHHHne  COJIGH  HGKOXOpblX  MGXajIJIOB  Ha 
CKOpOCTb  pCaKAHH  MGJKAy  2,4-T0JiyHJI6HAHH30Ii;HaHaT0M  H nOJI- 
HblM  P-OKCHaXHJIOBblM  3(j)HpOM  aAHHHHOBOH  KHCJIOTbl,  HpOTGKaK)- 
rU;GH  B paCTBOpG  B HIHKJIOrGKCaHOHG.  OCHOBHOG  BHHMaHHG  yAGJIflJIOCb- 
HCCJIGAOBaHHK)  KaxaJIHTHHGCKOrO  AaHCTBHfl  COGAHH6HHH  AHHKa 
(oKHCb  H aAGxax  AHHKa)  na  yKasaHnyio  bhihg  peaKAHio  [4],  axo- 
no3BOJiHJio  ycxanoBHXb  npHHHHy  hh3koh  cxa6HJibHocxH  jianoBbix 
nojiHypGxanoBLix  chcxgm,  coAep>Kain;HX  ahhkobhg  nnrMGHXbr,  h 
HaixH  cnoco6  noBHntGHHH  hx  cxa6HjibHocxH. 

Ohhxh  noKasajiH,  hto  CKopocxb  paaKAHH  MGH^Ay  2,4-xojiyHJiGH- 
AHHaOAHaHaXOM  H P-0KCH3XHJI0BHM  3(]^HpOM  aAHnHHOBOH  KHCJIOXH 
CHJIbHO  SaBHCHX  OX  BGJIHHHHH  HOBGpXHOCXH  OKHCH  n;HHKa.  HpH 
3XOM  yCJIOBHGM  B03HHKH0BGHHH  KaxajIHXHHGCKOrO  9(i)(J)GKXa  HB- 
jiaexcH  npGABapHTGJibHbiH  KOHxaKX  (ao  BBGAGHHa  HsoAHanaxa)  okh- 
CH  AHHKa  C rHApOKCHJICOAep^KaiAHM  3(j)HpOM.  IIpH  oxcyxcxBHH  npG- 
ABapnxGJibHoro  KOHxaKxa  okhcb  i];HHKa  booSiag  hg  npoaBjiaGx- 
KaxaJIHXHHGCKOH  aKXHBHOCXH. 

^ CHcxeMw,  cocTOHiAHe  H3  nojiKHSOAHanaTa,  nojiHOKCHcoeAHHenHa  h- 
paCTBOpHTejIfl. 
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IIpeABapHTejifcHHH  KOHTaKT  H30ii;HaHaTa  c okhcbio  ii;HHKa  (ao 
BBeAeHHH  3$Hpa)  ne  oSycjiOBJiHBaeT  BoaHHKHOBenHH  KaTajiHTH- 
HecKoro  3$$eKTa.  . 

BjIHHHHe  npOAOJIH^HTejIBHOCTH  KOHTaKTa  OKHCH  AHHKa  C riIA“ 
pOKCHJICOAepJKaiAHM  3(|)HpOM  (aO  BBeAGHHH  H30H;HaHaTa)  Ha  CKO- 
pOCTB  H3MeHeHHfl  COABpJKaHHH  H30AHaHaTHHX  rpyHH  npeACTaBJieHO 
B Ta6ji.  1, 

Ta6jiHAal 


SaBHCHMOCTb  cKopocTH  H3MeHeHHfl  coAepa^aRHH  H30i;HaHaTHWx  rpynn 
OT  npOAOJIH«HTeabHOCTH  KOHTaKTa  (AO  BBeABHHfl  H30AHaHaTa)  OKHCH  i;HHKa 

C 3(})HpOM 


npOAOJIHtHTeJItHOCTb 
KOHTaKTa,  MHH. 

HSMCHCHHe  COACp- 
waHHH  HBOAHanaT- 

Hux  rpynn  nepes 

2 qaca,  % 

npOAOJITKHTeJILHOCTb 
KOHTaKTa,  MHH. 

HaMCHeHiie  coAep- 
HtaHHH  HsoAHanaT- 
HBix  rpynn  qepea 

2 qaca,  % 

2 

31,6 

60 

55,4  • 

► 15 

44,3 

120 

55,2  . 

30 

55,3 

BtiJio  ycTaHOBjieHO,  hto  rHApoKCHJicoAepJKaiAHH  3(|)Hp,  OTAejien- 
Hbiii  OT  OKHCH  AHHKa  nocjie  KOHTaKTa  pearnpy ex  c H30ii;HaHaT0M  c 
TOH  7Ke  CKOpOCTBK),  HTO  H a^Hp,  B KOTOpOM  OKHCB  Ii;HHKa  npHCyT- 

OTBycT  HenocpeACTBeHHO.  KaK  bhaho  h3  AaHHHX  Ta6ji.  2,  otabjig- 
HHe  OKHCH  OT  rHApoKCHJicoAepjKani.ero  3(|)Hpa  (nocjie  ocymecTBJie- 
HHH  KOHTaKTa)  HC  HOHHJKaeT  CKOpOCTH  pCaKHIHH. 

Ta6jiHAa  2 


opocTb  B3MeHeHHH  coACpHcaHHH  HSOAHaHaTHbix  rpynn 
B CHCTClViaX,  COAepHCaHAHX  <OKCTpaKT»  H TOJiyHJieHAHHSOAHanaT 
(«3KCTpaKT»  nojiy^en  h3  ^HApoKCHacoAepa^a^^e^o  a^Hpa) 


npOAOJKKHTeJIb- 
HOCTb  peaKAHH, 
MHH 

1 HsMeHenne  coAepwannH  HSOAHanaTHbix  rpynn,  % , 

«aKCTpaKTH» 

i 

CHCTCMbl,  COAepHta- 
mne  okhcb  HHHKa 

CHCTeMbl,  He 
cOAepmamne 
okhch  HHHKa 

15 

19,8 

19,5 

15,8 

30 

28,5 

28, 0‘ 

16,9 

45 

32,4 

32,6 

19,3 

60 

33,5 

34,1 

20,6 

75 

37,4 

37,8 

21,2 

90 

48,8 

50,1 

. 29,0 

120 

55,7 

55,4 

31,5 

1 FHApoKCHJicOAepjKaiAHe  coeAHHenna,  OTAeJienHtie  ot  okhch  uHHKa  ii 

COJieH,  HaSBaHEI  <OKCTpaKTaMH». 
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Te  me  aaKOHOMepHOCTii  ycxaHOBjieHBi  ajih  CHCxeM,  axHJieHrjin- 
KOJib  — TOJiyHJieHflHH3on,HaHax,  Kan  axo  noKaaano  b xa6ji.  3. 

CAejiaHHtie  Ha^JiiofleHHH  a^jih  ocHOBaHne  nojiaraxb,  hxo.  MejK^y 
. o6cjie;i;oBaHHLiMH  BHme  rH/i;poKCHJicoAep>Kain;HMH  coe^^HHeHHHMH  ii 
OKHCbH)  D;HHKa  npOHCXO^HX  XHMHHeCKOe  BSaHMOAeHCXBHG.  06pa- 
. ByloiAHecH  B pesyjiLxaxe  axoro  BaaHMOAencxBHH  npoAyKxu  (saan- 
MOAencxBHe  npoHCxoAHx  na  noBepxHocxn  paaAeJia  ^aa)  hbjihioxch 
KaxajiHsaxopaMH  yKasaHHOH  peaKn,HH. 

BosHHKHQBeHHe  KaxajiHXHHecKoro  a(|)(|)eKxa,  KaK  noKaaaAH  ohh- 
XBi,  npOBeAGHHBie  c axHJienrjiHKOJieM,  bo3mojkho  h b oxcyxcxBne 

CBOSoAHOH  KHCJIOXHOCXH.  IIpOAyKXaMH  BSaHMOAenCXBHB  nOJIHOK- 

cprcoeAHHeHHH  c okhcbk)  n;HHKa  hbjihioxch  coeAHHennH  AHHKa 

Ta6jiHAa  3 

CKopotTb  iiaMeHeiiiiH  nsoAHaHaxiibix  rpynn  b cHCxeMax, 
coAepa^amnx  <OKCTpaKT»  h TOJiyHJieHAHHaoAHaiiaT 
(«aKCTpaKT»  nojiy'ieH  h3  okhch  4HHKa  h aTHJienrjiHKOJiH) 


nponojimHTCJib- 

HOCTb  peaK^HH, 
HacM 

1 HsMeneHMe  coAcpmaHHa  Msoi^HanaTHtix  rpynn,  % 

oaKCTpaKTU# 

CHCTeMHi,  cojzepjKa-j 

mne  OKHCb  i^HHKa 

CHCTeMLI,  He 
coflep}Han;He 
OKHCH  I^HHKa 

1 

18,2 

19,0 

1,1 

. 2 

23,1 

23.8 

2,5 

"3 

’25,5 

26,1 

7;4 

ocHOBHoro  xapaKxepa  (ajiKorojiHXH  h naxoAHiAaflCH  c hhmh  b paB- 
HOBeCHH  THApOOKHCb  AHHKa).  • AjIKOrOJIHXM  H HBJIHIOXCH  HGXHHHM- 
MH  KaxajiHaaxopaMH  peaKAHH.  : : . 

CxeMa  BsaHMOAOHCXBHH  OKHCH  AHHKa  c axHJieHrjiHKOJiOM  npeA“ 
cTaBjiena  nvime. 

1.  HO  - CHj  — CHj  - OH  + ZnO  0 - CHj  - CHV  ^ O y -h-HaO,. 

Zn  Zn 

2.  -y-O-^CHa  — CH2— 0 -^  + 2H2Q  zt  ■ 

ii:  HO  — GH2  — CH2~OH+Zn(OH)3.  ' , ,, 


npucyxcxBHe  b axHJieiirjiHKOHe  ii,  xHApoKCHJicoAepjKarAeM  'a,$Hpe 
pacxBopiiMLix  coeAHHeiiHH  AHHKa  o6Hapy?KeHO  MexoABMH  xiiMHHe- 
CKoro  H nojiHporpa^HHecKoro  aHajiiiaa,’  . ' M ! 

noKasaHO,  Hxo  cyin,ecxByex'  onpeAejiGHHan  ‘ CBHSb  MCJKAy 
HEJIGHHCM  OKHCblO  AHHKa  KaxaJIHXHHGCKOH  aKXHBHOCXH  H BGJIHHH- 
HOH  KOHCXaHXLI  AHCCOAHaAHH  THApOKCHJICOAepkcatAHX  ‘ CA 
pGarnpyioiAHX  c HSOAHanaxoM.  TaK,  peaKAHH  HaoAHaHaxd 'c 

17  MoHHyHapoflHhifi  CHMnoaiiTM,  ceKUHS  I 


OU 
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jiOBHM  cnapTOM,  KHCJioTHaH  KOTopoFO  BupajKeHa  3Ha- 

HHTejibHO  cjia6ee,  neu  y rjiHKOJia,  okhcbio  n^HHKa  npaKTH^ecKH  He 
ycKopneTCH. 

OntiTH  noKaaajiH,  hto  Tanne  khcjiotbi,  kbk  aHTpaHHJioBan  h 
yKcycHaH,  noHHJKaiOT  CKopocxb  peaKn;Hn  rnjiipoKCHJicoAepjKamiix 
COeAHHeHHH  C H30Ii;HaHaT0M  B npHCyXCTBHH  OKHCH  H,HHKa.  GTa6H- 
jiH3HpyK)in;ee  ffencTEHe,  khcjiot  06'BHCHHeTCH  hx  BsaHMOAeHGTBneM 
c KaTajiHsaxopaMH  (ajiKorojiHxaMH),  b pesyjitTaxe  Koxoporo  an- 
THBHOCXB  nOCJiefliHHX  OCJiaSjIfleXCH  HJIH  nOJIHOCXblO  yHHHXO>KaexCH. 

HHrHSnpyiomee  ;n;eHCTBHe  khcjiox  noKasano  b xaSji.  4. 

Ta6jiHu:a4 


BjiRHHMe  yKcycHoii  ii  aHTpaiiHaoBOH  khcjiot  Ha  KaTajiHTH«iecKyio 

aKTHBHOCTb  OKHCH  HHHKa 


. ■ 

H3MeHeHHe  co^epwaHHa  HsoAHanaT- 

Hbix  rpynn,  % 

KacJiOTa 

«9KCTpaKTH» 

CHCTeMEi,He  co^ep* 

1 wamae  okhch  RHHHa 

Bea  KHcaoTM 

52,8 

31,5 

YKcycHaH  

36,5 

31,7 

AHTpaHHJIOBaH  ...... 

-I 

31,7 

' "31,5 

ycxaHOBJieiia  6ojiee  BHCOKan  KaxajiHXHHecKaa  aKXHBHocxB 
ai^exaxa  n,HHKa  no  cpaBHennio  c okhcbk)  n;HHKa. 

PaajiHHHaa  KaxajinxHHecKaa  aKXHBHocxb  aii;exaTa  ii,HHKa  n 
OKHCH  n,HHKa  o6x>HCHHexcfl  HeoAHHaKOBOH  peaKn;HOHHOH  cnoco6' 
HOCXbK)  3XHX  COeAHHeHHH  HO  OTHOHieHHK)  K CHHpxaM. 

BaaHMOAGHCxBHe  an;exaxa  n;HHKa  c rHji;poKCHJicoAep>Karn,H]M 
3(|)HpoM  HBJiaexca  o6MeHHOH  peaKii;HeH,  npoxenaiomeH  Kan  roMO- 
reHHbiH  npoi3;ecc. 

Mo>kho  npeAHOaojKHXb  A^^a  MexannsMa  peaKn;HH,  KaxaansHpy- 
eMOH  aaKoroaaxaMH: 

l-MexaHH3M,  ocHOBaHHbiH  Ha  MHrpan;HH  axoMa  Mexaajia  ajiKO- 
rojiaxa  k KHcaopo^y  KapSoHHJibHOH  rpynnbi  H3on;HaHaxa. 

2“MexaHH3M,  B ocHOBe  KOxoporo  jie>KHx  o6pa30BaHHe  HenpoHHoii 
.KOopji;HHan;HOHHOH  cbhsh  Me>KAy  axoMOM  KHcaopo^a  aanorojiaxa 
H axoMOM  yrJiepoAa  KapSoHHJibHOH  rpynnH  H30H;HaHaxa  [5,  6]. 

CpaBHenne  KaxajiHXHaecKOH  aKXHBHocxn  an;exaxoB  pasJiHHHLix 
MexaajiOB  c KaxaaHXHaecKOH  aKXHBHocxbio  onncaHHoro  b anxe- 
paxype  KaxaaHaaxopa  HCcaeAyeMoii  peaKAnn  — hhphahhom  noKa- 
3aao,  Hxo  nocaeAHHH  aBaaexca  naHMenee  aKXHBHbiM. 

XapaKxepHCXHKa  KaxaaHXHaecKOH  aKXHBHocxH  aH;exaxoB  pa3- 
aHHHbix  MexaaaoB.(3xaaoHOM  npHHaxa  aKXHBHOCxb.  apexaxa  n;HHKa) 
noKaaaHa  b xa6a.  5. 
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' Ta6jiHHa  5 

CpaBHCHHe  KaTaaiiTHHecKoii  aKTHBHocTii  a4eraTOB  paajiiiHHbix  M&rannoB 


AiicTaT 

AKTIIBHOCTb 
KaxajiHsaTopa  ^ 

AiieTaT 

ArtTHBHOCTb 
KaTajiHsaxopa  i 

KaJina 

3,45 

Me;;H  ...... 

0,90 

HaTpUH 

2,49 

Kajibn;uH  .... 

0,64 

Ko6a;ibTa  . . : . 

1,20 

MarHHH  . , , . . 

0,53 

lJ,iiHKa 

1,00 

1 Akthbhoctl  KaTajiHaaiopa  (A)  paccHUTWBaiOT  no  cpopMyjie 


" M 

rue  J/a  - HaMe^HCHue  coAcpmaima  uaoMiiaHaTHtix  rpynn  CudteM,  coflepmamiix  KaTajiiisa- 
TOP,  aa  flaHHtiii  oipeaoK  BpeMeHH;  — B3MeiieHHe  HaPAuaHaTnux  rpynn  cncxein  co- 
aepmamux  b naxecTBe  naTajinaaTopa  anexaT  nnuna,  aa  nanHun  OTpeaon  BpeMenii. 

AaHHHe  Ta6JIH^bI  nosBOJiaioT  saKJiioHHTB,  hto  hs  o6cjieA0BaH- 
Hbix  cojiiBH  HaaSojibineH  KaTajiiiTmecKOH  aKTHSHocTBio  oSjianaioT 
aABTaxH  mejioHHBix  MexaajioB,  aa  koxophmh  HenocpeAcxBenHo 
CTOAyiox  cojiH  KaxHOHOB  c IS-aneKxpoHHHMH  H HeaaKoineHHHMH 
obojiOTiKaMH.  HaHMenee  aKXHBHBiMH  HBJiHioxcfl  cojih  S-ajieKxpoH- 
HBIX  KaxHOHOB  aneMBEXOB  II  rpynnH  nepnoAHqecKOH  CHCxeiHH 
liaK  II  ajih  CHCxeM,  coAepacaiAHx  aAexax  AHHKa,  oxAeaenne  yno- 
MflHyxBix  BBirae  cojien  ox  rHApoKciiJicoAepjKamHx  coeAHHeHHii  He 
noHHjKaex  CKopocxH  BaaHMOAeiicxBHH  nocjieAHiix  c xojiynjieHAH- 
HBOpiiaHaTOM. 


1. 

2. 

3. 

4. 

5. 

6. 


JlHTepaxypa 

R,  H e b e r m e h ],  Farbe  und  Lack,  61,  280,  1955. 

1957  ° J-  Verbanc,  Chem.  Revs.,  21,  1127, 

W.  B r u s b w e 1 1,  Amer.  Paint  J.,  41,  111,  1957. 

1 . A.  ,Tl  e B K o B H a,  A.  A.  B ji  a r o n p a b o b a.  BiojureTem.  no 
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.J.  Backer,  M.  D a v i s,  J.  G a u n t,  ibid,  1949,  24. 


Summary 

A study  has  been  made  of  the  catalytic  effect  of  Various 
salts  on  the  formation  of  polyurethanes. 

The  main  attention  was  paid  to  the  catalytic  action  of  zinc 
compounds  (zinc  oxide,  zinc  acetate  and  basic  zinc  chromate) 
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rn  the.Teaction  of  2,4-toluylenediisocyanate  with  hydroxyl-contai- 
ning compounds  (P-hydroxyethyl  adipate  and  ethylene  glycol). 
The  experiments  showed  that  the  rate  of  change  of  isocyanate  gro- 
up content  during  polyurethane  format! on,  greatly  depends  upon 
the  content  of  the  zinc  compounds. 

A.necessary  condition  for  the  apperance  of  a catalytic  effect 

was  found  to  be  preliminary  contact  (before  isocyanate  addition) 
of  the  zinc  compound  with  p-hydroxyethyl  adipate.  It  was  also 
found  that  after  contact  with  the  zinc  compound  the  ester  alone 
will  react  with  the  isocyanate  at  the  same  rate  as  in  the  presence  of 
the  catalyst. 

The  same  relation  were  also  found  for  the  system  ethylene- 
glycol-tpluylenediisocyanate.  The  reaction  is  also  accelerated 
by  the  zinc  compounds,  separation  of  the  glycol  after  contact  not 
lowering  the  velocity. 

Acids  like  anthranilic,  o-phthalic  and  acetic  have  been  found 
to  lower  the  rate  of  change  of  isocyanate  groups  in  the  systems 
containing  catalysts.  The  strongest  inhibiting  effect  is  exerted 
by  anthranilic  acid. 

The  catalytic  activity  of  zinc  acetate  has  been  shown  to  exceed 
that  of  zinc  oxide.  The  effect  of  the  time  of  preliminary  con- 
tact on  the  magnitude  of  the  catalytic  action  in  zinc  acetate- 
ester  systemsis  much  less  expressed  then  in  zinc  oxide-ester  systems. 

Catalysts  of  the  reaction  between  isocyanate  and  hydroxyl- 
■eontaining  compounds  may  be  divided  into  two  groups.  To 
one  group  belong  the  oxides  and  salts  of  some  metals;  typical 
representatives  of  the  other  group  are  organic  bases.  A compari- 
son of  the  catalytic  activities  of  zinc  oxide  and  pyridine  showed 
the  latter  to  be  of  considerably  lower  activity. 

Ways  have  been  found  for  the  stabilization  of  pigmented  po- 
lyurethane systems,  making  it  possible  to  greatly  increase  the 
variety  of  pigments  recommended  for  use  in  polyurethane  paints. 


93  1%  • . 

Resume 

Le  travail  est  consacre  a 1’ etude  de  I’influence  catalytique  de 
divers  sels  sur  la  reaction  de  formation  des  polyurethanes. 

L’attention  principale  etait  pretee  sur  I’action  catalytique 
de  plusieurs  composes  de  zinc  (oxyde  de  zinc,  acetate  de  zinc, 
chromate„basique  de  zinc)  sur  la  reaction  de  2,4  toluylendiiso- 
cyaiiate  avec  les  composes  hydroxyles  (ester  p-oxyethylique  d’a- 
cide  adipique,  ethyleneglycol).  Les  experiences  ont  montre  que 
,'(a  Vitesse  de  changement  des  groiipes  d/isocyanate  lors  de  la. 
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formation  des  polyurethanes  depend  fortement  de  la  quantity 
de  compose  de  zinc. 

On  8i  etabli  que  la  condition  de  T apparition  de  I’effet  cataly- 
tique  consiste  en  contact  prealable  (avant  Tinsertion  d ’isocyana- 
te) du  compose  zincifere  avec  Tester  p-oxyetylique  d’acide  adi- 
pique. 

On'a  aussi  montre  que  Tester  p-oxyethylique  d’acide  adipique 
separe  du 'Compose  zincifere  aprfe  le  contact  reagit  avec  Tisocy- 
anate  a la  meme  vitesse  que  Tester  dans  lequel  le  catalyseur  est 
constamment  present. 

Pour  le  systeme  ethyl eneglycol-toluylene  diisocyanate  sont 
etablies  les  memes  regularites  que  pour  le  systehae  ester  ^-oxy- 
ethylique d’acide  adipique — toluylenediisocyanate.  La  reaction 
de  T ethyleneglycol  avec  le  toluylenediisocyanate  est  egalement 
acceleree  par  les  composfe  zinciferes  ci-dessus,  la  separation 
des  derniers  du  glycol  (apres  la  realisation  du  contact)  ne  dimi- 
nuant  pas  la  vitesse  de  reaction. 

On  a fixe  que  les  acides  ainsi  que  anthranilique,  o-phtalique 
et  acetique  diminuent  la  vitesse  du  changement  du  nombre  des 
groupes  isocyanates  des  syst ernes  contenant  les  catalyseurs.  Le 
role  de  Tinhibiteur  le  plus  fort  est  joue  par  Tacide  anthranilique. 

On  a montre  que  Tactivite  catalytique  de  Tacetate  de  zinc 
estexprimee  plus  fortement  que  pour  Toxyde  de  zinc.  L’influen- 
ce  de  la  duree  de  contact  prealable  sur  la  valeur  d’effet  catalyti- 
que dans  les  systemes  acetat  de  zinc-ether  se  manisfeste  d’une 
mani  ere  beaucoup  plus  faible  que  dans  les  systemes  oxyde  de  zinc- 
ether. 

Les  catalyseurs  de  la  reaction  d ’isocyanate  peuvent-etre  par- 
tages  en  deux  groupes:  le  premier  groupe  auquel  appartiennent 
les  oxydes  et  sels  de  quelques  metaux  et  le  deuxieme  groupe  dont 
les  representants  typiques  sont  les  bases  organiques.  La  comparai- 
son  de  Tactivite  catalytique  deToxyde  de  zinc  et  de  la  pyridine 
a montre  que  la  derniere  est  considerablement  moins  active  que 
les  catalyseurs  du  premier  groupe. 

On  a trouve  les  voies  de  stabilisation  des  systemes  pigment§s 
des  polyurethanes  ce  qui  permet  de  considerablement  augmenter 
le  nombre  de  pigments,  recommandes  pour  les  peintures  en  poly- 
urethanes. 
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HEKOTOPblE  BOnPOCbl  nOJIHKOH3EHCAL(nM 
B CyCHEHSHH 


4>.  Memeu,  P.  X poMene  n 

(HexocjiOBaKim) 


B ciiCTeMax  peaKi^HH  nojiiiKOHfleHcai^HH  b cycneHaiiii  no  Sojib- 
men  tocth  ao  chx  nop  ynoxpeSjiaiOT  KOMnonenTH,  npHAienneMLie 
CHHTe3a  HOHOOdMeilHblX  CMOJI.  OCHOBHHMH.  THHaMH  HB- 
jiHioTCH  nojiHKOHAeHcaTLi  (J)opMajibfl.erHfla  n ^enojia;  (|)opMaji]bAe- 
rn^a,  Ha^TajiHHcyjib^OKiicjioxLi  hjih  (|)eHOJicyjib(J)OKHCJioxbi;  (j)op- 
Majib^erH^a  H ^-(J)eHHJieHji;HaMHHa  ii,  b Menbrnen  Mepe,  noJiHKOH- 
Aencaxbi  na  ochobg  nexBepxnnnHX  cojiefi  nnpHAHHa,  pesopi^nHa 

H T.  A. 

C XOHKH  apenna  rnApoAHHaMUKn  cymecxByex  paA  anajicrnii 
MGjKAy  noanKOHAOHcaAnen  n noAHMepusaAnen  b cycnGK3H;H.  PaB- 
HOBecna  na  noBepxnocxn  pasAejia  (|)a3,  c KoxopbiMii  naAo  rjiasHbiM 
o6pa30M  CHHxaxbca  b cjiyaae  noanKOHAencaAnn  b cycnensHH,  ao 
Hainero  BpeMenn  nayaenbi  HeAOCxaxoaHo  Aaa  cncxeMbi BOAa — Macao, 
xaK  Kan  naMepenna  noBepxHocxn  pasAeaa  (Jaa  y nncxbix  Ben];ecxB, 
KaK  onncbiBaex,  nanpnMep,  PoA>Kep  [1],  CBasaabi  b axoM  caynae  c 
SoabniHMH-  aaxpyAHeHHaMH,  aen  b cayaae  paBHOBecna  b cncxeMe 
Macao — BOAa,  Koxopaa  MO>Kex  pacn.eHHBaxbca  b Kaaecxse  MOAean 
Aaa  noaHMepH3aii,HH  b cycneHannJ  GKopocxb  peaKAHii  6biaa  sna- 
anxeabHOH  ajih  Bcex  noanKOHAencaAHOHHbix  cncxeM,  c KoxopbiMii 
MH  npOBOAnan  pa6oxy,  h na-sa  HepacxBopHMOcxn  Koneanbix  npo- 
AyKxoB  neabsa  6biao  6daee  A^xaabHO  nsyanxb  MexannsM  peaKAnn. 

B axoM  AOKaaAQ  mh  xothm  necKoabKo  noApodnee  oScyAiixb 
pasanana,  cyni;ecxByioni;He  Me>KAy  noanKOHAencaAnen  h noanMe- 
pHsaAneii  b cycnensHn,  c (J)H3HK0-XHMHaecK0H  xoann  apenna.  3xii 
acneKXH  iineiox  nan  xeopexnaecKoe,  xaa  n xexnoaornaecKoe  ana- 
aenne.  IlepexoA  aacxn  MonoMepa  nan  cmgch  MonoMepOB  b aMyabcnio, 
HHOxAa  B snaanxeabHOM  KoanaecxBe  (20%  n 6oabme),  aaaa- 
exca  (|)aKxopoM,  ne  ycxpaHHMHM  npn  noaiiMepuBaAnn  b cycneH3Hii, 
HaoSopox,  npn  noanKOHAGHcaAnn  b cycneiisHii  mli  ne  aaMexnaii 
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o6pa30BaHHH  aMyjitCHH,  xoth  KOHAeHcai];HK)  npoBOAH-an  b khcjioh, 

HeHTpaJIBHOH  HJIH  meJIGTOOH  Cpe^aX,  B KOTOpHX,  B HaCTHOCTH,Xa- 
paKTepncTHKH  HaTHH^eHHH  Ha  noBepxHocTH  pasAejia  $a3  chjibho 
MeHHJiHCB.  J^JiH  cpaBHeHHH  HHJKG  npHBeAGHa  TaSjiHAa  c ochob 

HBIMH  ABHHHMH,  nOJiyHBHHBIMH  A^B  HeCKOJIBKHX  CHCTeM. 


KoHfleiicaiTnoHHaFT  CMect 

HuepTHaa 

CMecb 

HaTH- 
HteHne  na 
noBepxHO- 
CTii  paaflc- 
jia  $33,  20® 

PaSHOCTb 
YACJibHux 
BecoB,  20° 

% 

BMyJlbCHU 

•CTIIpOJI  IIJI JI  CTHpO  JI — A B B 

Bo^a  + cTa6nJiii3a- 
Top 

32  ah 

0,08 

AO  10 

MeTBJiMeTaKpiiJiaT  mjih 
ero  conoJiHMepH  . . . 

BOAa  + CTa6ii:iB3a- 
TOp 

— 

0,08 

flO  20 

<I)eHOJicyjiB$OKHCJiOTa,  Ha- 

(]^TajIHHCyJIb({)OKHC- 

jioxa  — CH2O  .... 

C6H4CI2+  C2H2CI4 

8 

0,07 

0 

vU-  QeHH  JIGH^tiaMHH  ”G  H 2O 

CsH4(CH3)2 

22 

0,24 

0 

C6H5C1+CcH4(CH3)2 

22. 

0,02 

0 

JlyTHAHH,  — GH2O 

C6H5Cl-f-C6H4Cl3 

H-17 

0,01* 

0 

PeSOpAHH,  GIGH2GOOH — 
— GH2O  .......  ! 

G6H5GI-I-G6H4GI2 

12—16 

0,01 

0 

MbI  npHHHMaJIH  BO  BHHMaHHe  TOJIBKO  TO  CHCXeMH,  B KOTOpBIX  B3a- 
HMHan  paCTBOpHMOCTB  KOMHOHeHTOB  CXpeMHTCH  K HyJIK).  OSbGM- 
Hoe  oxHomenne  Me^KAy  hhcpxhbim  h noJiHMepnayioiAHMCH  komho- 
HGHxaMH  npaKXHHCCKH  BcexAa  cocxaBjiHJio  3:1;  ohbixbi  bojih  KaK 
B npncyxcxBHH  aMyjiBxaxopa  (MaKCHMyM  0,3%  h3  pacnexa  na  Bee 
HHepxHoro  KOMHOHeHxa),  xaK  h b oxcyxcxBHe  aMyjiBxaxopa.  Cxa- 
j5iiJiH3an;HH  rexeporeHHoS  chcxgmh  npn  noJiHKOHAeHcaii;HH  b cyc- 
neH3HH  3HaHHxejiBH0  oxjiHHaexcfl  ox  cxa6HJiH3aii;HH  nojinMepnaa- 
HjHOHHBIX  CHCXeM.  B pHAG  CJiynaGB  MOHCHO  6bIJIO  BeeXH  OHBIXH  npii 
nojiHOM  oxcyxcxBHH  cxa6HJiH3axopoB,  a HMenno  b lAejiOHHOH  ii 
CHJIBHO  KHCJioii  cpeAG.  HnxepBaji  KOHi];eHxpaii;HH  HBJinexcH  Aoexa- 
xoHHO  y3KHM  (0—0,3%).  HnsKOG  coAepjKaHHe  cxa6HJiH3axopoB, 
B HacxHocxH  B lAejioHHOH  o6jiacxH,  oKaaajiocB  hoaxoahiahm  a^ib 
ypasHOBeniHBaHHH  cjiynaHHoro  bjihhhhh  npHcyxcxsyioiAHx  no- 
BepXHOCTHO-aKXHBHHX  HpEMGCeH.  IIOBHineHHOe  COAepJKaHHe  3XHX 

npHMeceH  cnocoScxByex  oOpaaoBaHHio  6ojiee  mgjikhx  rjioOyji,  ho 
He  o6pa30BaHHK)  oMyjiBCHH,  3a  HCKJiioHeHHeM  oxagjibhhx  cjiynaeB, 
KOXAa  npoHCXOAHx  aMyjiBrnpoBaHne  Bceii  cmgch;  b 3xom  cocxohx 
ocHOBHoe  oxjiHHHe  ox  npoAecca  nojinMepHsapiiH  b cycneHaiin. 
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Bh6op  CTafiHJiHsaTopoB,  nepacTBopHMHX  b hhgpthom  komho-  ' 
HeHTe,  B BHaHHxejiBHOH:  Mepe  orpaHOTen.  HaM  KajKexcfl  yAHBH- 
xejibHHM,  ^^'x6  nx  npHSaBJiGHHe  (nanpHMep,  pasHLie  copxa  aKXHB- 
Horo  yrjin)  BGAex  k o6pa30BaHHid  6jiokob,  npH^eM  rexeporeHHafl 
CHCxeMa  B . HeKotopLix  cjiynanx’  o^ghl  HyBCXBHxejibHa  k tohko 
flHCneprapoBaHHbiM  MexaHnnecKHM  npHMecHM.  XapaKxep  CTa6n- 
jiHsaxopa:  BJiHHex  pemaioni;HM  oSpaaoM  na  xoa  peaKii;HH  hojibkoh- 
^eHcaii;HHl  O^GHb  iBbiroAHO  ynoTpe6jiHTb  CTa6HJiH3aTop,  6jih3khh 
no  CBoeMy  xapaKxepy  k KOH^eHcaniHOHHOH^  cncxeMe  (nanpnMep, 

B cjiynae  ghjibho  iKHCJiOH  cmgch  mejiecoo6pa3Ho  ynoTpe6jiHXb  jijo- 
j3;eii;HJi6eH30^cyjib$oKHCJioxy).  BepoHXHo  33ecb  nrpaex  pojib  ne 
cxa6HjibH0CTb  BMyjibxaxopa,  a KaTajinxHnecKHH- 3(J)$eKT  pa3ji;ejiH- 
ion];eH  hjighkh  na  noBepxHocxn  pa3Aejia(|)a3:  KOHj^encnpyioinaflCH 
CHCxeMa  — HHepxHaH  cpej^a.  Moncno  cnnTaTb,  hto  b HeKOxopbix 
cjiynanx  KHCJibiH  cxaSnjinBaTop  AO*Ji5KeH  BOcnojinaTb  noxepio  no- 
BepxHocTHo-HeaKTHBHoro  KaxajiHBaTopa  peaKii;HH  na  noBepxHocxn 
pa3;i,ejia  $a3.  B KanecxBe  CTa6HJiH3aTopoB  cycneH3HH  Bjjjecb  mojkho 
npHMiBHHTb  KOMHoneHTH,  npHHHMaK)ni;He  ynacTiie  b peaKn;HH  no- 
jiHKOH;i,eHcan,HH,  ho  pacxBopHMbie  b HHepxHon  cpe^e.  9(J)(|)eKXHB- 
HHMH  0Ka3biBaK)xcH  xaKHCG  Beni;ecxBa  noBepxHocxHo-aKXHBHoro 
xapaKxepa,.  no  He  b xanon  Mepe  nan  b cjiynae  npaMenenna  naCToa- 
m^HX  oMyjibraTopoB.  Hx  BBeflenne  b cncxeMy  hg  BJiHaex  nenocpeA- 
CTBenHo  na  xoji;  peaKH;HH,  n 3(|)(|)eKTHBHLiM  aBjiaexca  Jinmb  nx 
coaexaHHe  c KaxajiHTnaecKH  aKTHBHbiM  CTa6HJiH3aTopoM.  9to  aBJie- 
nne  oco6eHHo  saMexno  ajih  cycnensHH  ghjibho  KHGJioro  xapanxe- 
pa,  B KOTopEix  6ojibinaa  aaGxb  o6biaHb[x  aMyjibraxopoB  Tepaex 
GBOH)  3(j)(J)eKTHBHOGTb  H KOTOpbie  Tpyji;HO  GOXpaHHTb  BO  BpGMa  Kpil- 
THneGKoro  nepnoAa. 

XapaKxep  KOMnoneHTOB  KOHAenGnpyion^enGa  GHGxeMH  OKasbi- 
Baex  snaanxeJibHoe  BJinanne.  06biKHOBeHHHe  aHajiHxnaeGKne  OH;eH- 
KH,  HJiH  jKe  OH;eHKH  na  oghobg  Aannux  no  3K30xepMHnH0GTH  pe- 
anmEH,  ne  aBJiaioxca  AOBXOBepHbiM  KpnxepneM  KOHxpoJia  xo^a 
peaKAHH.  Xoxa  3Xot  $aKTop  0Ka3LiBaeT  BJinaniie  b cjiynae  khg- 
jiHx  KOMnonenxoB,  HenxpajibHbie  hjih  mejioanLie  GHoxeMu  xaK?Ke 
ne  noA^HHaioxGa  GxpornM  saKonoMepnocxaM.  9xo  oSGxoaxejibGXBO 
ynasHBaex  Ha  o6in;HOGXb  xapanxepa  nojinKOHAenGaniiiH  b cyGnen- 
3HH  H BMyjibGHOHHOH  noJiHKOHAencaAHH.  MeAJieHHo  KOHAeHGnpyio- 
m;aa  CHGxeMa  b hoaxoahh^hx  yGJiOBnax  asjiaexGa  6ojiee  onaGHon,' 
HGM  GHJibHO  3K30xepMHneGKaa  nojiHKOHAeHGan;Ha.  11  pn  neSjioa- 
aoM  xoAB  xepMHaeGKoro  npoi3;eGca  npoHGXOAnx  oSpasoBanne  rao- 
6yji  G 6ojiee  yAOBjiexBopnxeABHbiMH  MexannaeGKHMH  GBOHGxsaMn, 
X.  e.  oSpaaoBanne  MaKpoMOJieKyji  g noBLimenHUM  MOJieKyjiapHbiM 
BeGOM.  B GJiyaae  anepmaHO  KOHAenGnpyioEAHXGa,  nanpnMep,  ^-(|)e- 
HHJieHAHaMHH-$opMajibAerHAHbix  CMeGen  xpeSyexGa  peryjinpoBa- 
Hne  xenjiOBoro  pejKHMa  B GooxBexGXBnn  c pa3MepaMH  annapaxypti. 
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B oTJiHHHe  OT  nojiHMepH3aii,HH  B cycneH3HH  3flecb  Ha6jiiOflaeTCfl* 
coBceM  ji;pyroH  xapaKxep  ;i;HcnepcHOHHOH  cpe/3;H.  Ha  ^Byx  BapnaH— 
TOB,  T.  e.  Korfla  KOHfl,eHcaii;HH  npOTeKaex  b cpe^e  MnnepaJiBHoro 
Macjia  HjiH  B cpe^e  HH3KOKHnHin;Hx  yrneBO^opoAOB,  BTopoH  Ba- 
pnaHT  6ojiee  HyBCXBHxejieH  k xapaKxepy  HHepxHOH,  cpeAU.  IIobh- 
nieHHyK)  HyBCXBHxejiBHOcxb  xo^a  pe.aKii;Hii,  nojiHKOHji,eHcai],HH  b 
cycneH3HH,;B  cpe^e  hh3KObh3Kiix  yrjieBOAopoAOB,  b oxjinrae  ox 
BHCOKOBH3KHX  yrJieBOAOpOAOB,  MOH^HO  o6l>HCHHXb . paSJIOTHOH 
Bfl3KOCXbH)  3XHX  CpOA,  KOXOpaH  HBJIHexCH  BajKHbIM  (|)aKXOpOM. 

HecMOxpn  na  xo,  ^xo  (|)H3HHecKHe  AaHHHe,  H3MepeHHHe  ajih, 
CMecen,  x.  e.  njioxHocxb,  naxajKeHHe  na  noBepxHOCxn  pasAeJia  (|)a3 
H T,  A.>  He  ynaabiBaiox  na  paBJinane  b xoAe  peaKAHH  npjiHKOHAen- 
caAHH  B cycneH3HH,  mojkho  cocxaBHXb  pHA,  cocxoheahh  h3  yrjie- 
BOAopoAOB  c KanecxBeHHO  nonHa^aromencH  cxenenbio  onacHOCxii 
AJiH  oxAejibHHX  XHHOB  onepaAHH,  a HMenno: 

AJIfl  CHJIbHO  KHCJIblX  KOMnOHGHXOB  peaKAHH  KOHAOHCaAKH  B03-i 
MOJKHocxb  npHMeneHHH  HHCXHX  BemecxB  yMeHbmaexcH  npH6jiH3ii- 
xejibHO  B cjieAyioin;eH  oaepeAHOCxa: 

(Macjio)  — o-AHXJiop6eH30Ji — xexpaxjiopaxan  — MOHoxjiop6eH-- 
30JI  — nepxjiopaxHJien  — kchjioji  A^najiHH  h x.  a-‘» 

AJIH  CJia6o  KHCJIHX  HJIH  HeilXpaJIbHblX  (bHJIOXB  AO  meJIOHHblx)' 
KOMHOHeHxoB  HMeexcH  cjieAyiorn;aH  oaepeAHOCxb  (jvt-(|)eHHJieHAHaMHH- 
$opMajibAerHAHHe  CMecH  h x.  a-)‘ 

(Macjio)  — KCHJioji  — o-AHXJiop6eH30Ji  — xjiop6eH30Ji  — 6eH— 
30JI  — nepxjiopaxHJieH. 

B 3XHX  cjiyaaax  oaenb  xpyAHO  yaecxb  neKOXopyio  aaBHCHMOcxb. 
ox  cxpyKxypbi,  H xojibko  6ojiee  AOxajibHoe  ^^naHaecKoe  HsyaeHHe 
xapaKxepa  CHCxeMLi  npHBeAox  k co3AaHHio  xeopHH,  o6x>HCHflioiii;eH, 
KaaecxBeHHyK)  cxopony  npoHCxoAHmHX  Hpon;eccoB.  OnpeAeaeHHbie-' 
anajiorHH  moh«ho  hbhxh,  HanpHMep,  h a^ih  peaKAHH  noJiHMepH3a- 
H,HH  B cycneH3HH,  a^ih  KOxopOH  HaHAOHo,  Hxo  paaSaBJieHHe  moho-* 
Mepa  KCHJiojiOM  He  OKaatiBaex  (b  oxjiHane  ox  Apyrnx  HHepxHbix. 
yrjiGBOAopoAOB)  hbho  oxpHAaxejibHoro  bjihhhhh  na  xoA  peaKAnH 
nojiHMepH3aii;HH  b cycnenaHH. 

PaBJIHHHa  B nOBCpXHOCTHblX  CBOHCTBaX 

H3MejibaeHHOH  MacCbi  H rjioSyji 

■ BooSme  roBopHx,  axo  nojiHMepnsaAHK  b cycneHSHH  — axo,  b 

ocHOBHOM,  6jiOHHaHnojiHMepH3aAHH,  6ojiee  a(J)(|)eKXHBHo  oxjiajKAae- 
Maa  BOAOH.  B cjiyaae  nojiHKOHAencaAHH  b cycnensHH  hmghho  aJih/ 
noBepxHocxHoro  cjioh  axo  aaKJiioHeHHe,  sepoaxHo,  He  Bnojine  cnpa- 
BeAJiHBO.  npH  npOAeccax,  npoxeKaioiAHX  b o6biHHHX  ycAOBHHX 
oSneHa,  b KOxopHX  oSMeHHBaioxca  hohh  Majioro  AHBMexpa,  axo- 
pA3JiHHHe  He  HMeex  pemaioBAero  BHaHenna  h.hg  npeBbimaex,  b- 
OCHOBHOM,  BGJIHHHHy  aKCHepHMeHXaHbHOH  HOrpeiHHOCXH.  TaK, 
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HanpHMep,  y KaTHOHHxa  OH  (chjibho-khcjihh  Ha(J)TajiHHcyjii>(|)o- 
'(|)eHOJicyjii>(j[)o-KaTHOHHT)'  eMKOCTb  rjioSyji  na  5—10%  6oJibnie, 
HBM  y H3MejibTOHH0H  Maccbi.  9to  pa3JiHHHe  jTKQ  3aMeTHO  B cjiynae 

-COp6li;HH  KOMnJieKCHHX  aHHOHOB  Ha  CHJIbHO-OCHOBHHX  aHHOHHTaX. 
y aHHOHHTa  JI  (CHJIbHO-OCHOBHOH  aHHOHHT,  HOJiyHeHHblH  H3  JiyTH- 
^fl,HHOBHx  ocHOBaHHH)  3T0  HBJieHHe  BaMGTHo  B eiij;e  6oJIbineH  CTe- 
neHH.KojiHHecTBeHHoe  nsyneniie  3thx  OTKJioneHHH  6hjio  BbinojineHo 
Ha  npHMepe  cmoji,  npaMenaeMbix  ajih  o6ecH;BeHHBaHHH  caxapHHx 
COKOB.  OcHOBHHM  MaxepnajiOM  B 3T0M  cjiynae  cjiyH<HJia 
jieHAHaMHHOBaa  CMOJia. 

BHJia  conocTaBjiena  saBHCHMOCXb  Kp3(|)(J)Hi];iieHxa  3KCxhhki];hh 
/>£  ox  cxeneHH  pa36aBjieHHH  KOH;3,eHcaH,HOHHOH  cHCxeMH  aM(|)OTep- 
HOH  CMOJIbI,  HCXOAH  H3  HpeffCTaBJieHHH  o6  3KBHBaJieHTH0H 

aepHHCTOCTH  rjio6yji  h cmojih. 

Bhjio  ycxaHOBJieHO  snaHHxejibHoe  noHiiHceHne  o6eci],BeHHBaK)- 
met  chocoShocth  CMOJIH  B npon;ecce  rpanyjiHD^HH.  BBH^y  xoro,  hxo 
oSecr^BeHHBaiomeH  cmojih  3to  HBJieHne  HMcex  xapaKxep  a^copS- 
u^hohhhh,  h b 3T0M  cjiynae  hjiothocxb  MOjieKyjiapHOH  cexKii  Ha  no- 
BepxHocxH  rjio6yjiH  OKasHBaex  Ban^Hoe  bjihhhhg, — s^ecb  Hrpaex 
pojib  (|)aKxop  bhcokoh  CTenemi  cxpyKxypnpoBaHHH  y noBcpxHocxH 
l"JI06yJI,  o6yCJIOBJieHHHH  nOBepXHOCXHOH  aKXHBHOCXblO  KOMHOIieHTOB 
KOH;i,eHcaii,HH.  Ha  ocHOBaHHH  opneHxnpoBOHHoro  bhhhcjichhh  hjiot- 
HOCTH  nOBepXHOCTHOH  HJIGHKH  MOH^HO  HpHHTH  K 3aKJIIOHeHHIO,  HXO 
noBepxHocxHbiH  cjiOH  xapaKxepHsyexcH  Aa>Ke  y CHCxeMH,  b 3Ha- 
HHxejibHOH  Mcpe  pasSaBJieHHOH,  hohxh  xaKOH  >Ke  njioxHocxbio,  KaK 
H y CHCxeMH  Ha  OCHOBB  CHJIBHO  KOHH^eHXpnpOBaHHHX  paCXBOpOB, 
TO  ecTb  y xaKOH  cncxeMbi,  Koxopaa  ynce  no  cbogh  cxpyKxype  o6- 
,jia;i,aeT  noHHHceHHOH  o6eci];BeHHBaioni;eH  cnocoSnocxhio.  Oamhsi- 
KOBbie  AaHHbie  no  o6eci];BeHHBaion];eH  cnocoSHpcxii  KaK  ajih  tjio- 
'6yji,  xaK  H j^jiH  H3MeJibHeHHoro  HOHHxa  noJiynaioT  npn  bhcokoh 
cxeneHH  pa36aBjieHHH,  Kor^a  KOHH;eHTpaii;HH  KOHji;eHCHpyioiu;HX- 
-CH  KOMnOHeHTOB  B 3HaHHTeJIbHOH  MBpe  nOHHJKGHa  yjKB  Ha  rpaHime 
•4»a3. 

CxeneHb  roMoreHH3an;HH  hcxo^hhx  KOMnoneHxoB  peaKii.HH  3a- 
MexHo  BJiHHex  npH  nojiHKOHAeHcanjHH  b cycnensHH.  Ha  axo  yKa- 
BHBaex  pasjiHHHe  b ^HannecKiix  CBOHCXBax  ox^ejibHHX  komho- 
HeHTOB.  KoMnoHeHXH  KOHAeHcan;HH,  nanpHMep  Ha^xaJiHHcyjib- 
(|)OKHCJiOTH,  (|)eHOJi,  pe3opn;HH,  oSjiaAaiox  sHanHxejibHOH  noBepx- 
HocxHOH  aKTHBHOCTbK).  B TO  JKB  BpoMH  pacTBop  (J)opMajibAerHAa 
HMeex  oxHocHxejibHo  nnaKyio  noBepxHocxHyio  aKXHBHocxb.  B cjiy- 
nae  He^ocTaxonHOH  roMoreHH3an,HH,  nanpHMep  b cjiynae  bh3Khx 
KOMHOHeHTOB,  3X0  pasjiHHHe  BJiHHex  Ha  cKopocTb  peaKn;HH  Ha  no- 
BepxHocTH  rjioSyji,  h xgm  caMHM  na  npoAOJiJKHxejibHocxb  nepnoffa 
inepexoAa  npoAyKxa  h3  jKH^Koro  b rejieo6pa3Hoe  cocxoaHne.  Hpn 
:nepexoAe  ox  Mo^ejibHoro  peaKxopa  k annapaxype  fiojibninx  pasMe- 
poB  3XOX  (J)aKxop  npHoSpexaex  en],e  6ojibmee  ananeHne. 
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HecMOxpH  Ha  neKOTopHe  nojiyneHHHe  CBefleHHH  o (|)H3hko-xh- 
MiinecKHx  H ocHOBHLix  Hpoi^eccax,  npoxeKaion^Hx  npH  CHHxeae, 
CBe^eHHH  o nojiHKOH;i,eHcan;HH  b cycnenaHH,  npoBOAHMOH  b CHCxe- 
Me  Bo;i;a — Macjio,  ocxaioxcH  CHxrrop  b sHaHHxejitHoa  Mepe  sm- 

nnpHHecKHMH. 
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1946. 


Summary 

From  a hydrodynamic  standpoint  an  anology  exists  between 
suspension  polycondensation  and  suspension  polymerization.  The 
hydrodynamics  of  polycondensatipn  have  been  less  investigated 
for  the  water/oil  than  ,oil/wa ter  systems. 

From  a physico-chemical  standpoint  suspension  polyconden- 
sation differs  from  suspension  polymerization  in  a number  of 
features: 

In  the  presence  of  excess  surface  active  agent  ah  emulsion 
is  formed  only  in  exceptional  cases. 

The  amounts  of  surface  active  agents  in  suspension  polycon- 
densation exceeds  those  employed  in  globule  polymerization. 
Li  the  latter  case,  traces  of  surface  active  substances  are  used; 
with  increase  in  their  concentration  a tendency  towards  block 
polymerization  appears. 

The  course  of  the  reaction  depends  to  a large  extent  upon 
the  nature  of  the  stabilizer.  A stabilizer  of  nature  close  to  the 
condensation  system  is  advantageous.  It  may  be  assumed  that  in 
some  cases  an  acid  stabilizer  causes  a fall  in  concentration  of 
the  reaction  catalyst  at  the  interfacial  boundary.  In  the  case 
of  neutral  or  nearly  neutral  systems  no  (not  even  neutral)  emul- 
sifiers can  be  used,  whatsoever. 

The  nature  of  the  components  of  the  system  has  a considerable 
effect  on  the  polycondensation. 

In  the  future  the  effect  of  the  disperse  phase  on  the  course 
of  the  reaction  will  be  investigated.  Despite  the  close  values 
of  density  and  interfacial  tension  the  use  of  such  hydrocarbons 
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as  xylene  and  tetrachloroethane  is  more  suitable  than  the  use 
of  chlorobenzene  or  tetrachloroethylene. 

The  opinion  exists  that  suspension  polymerization  is  mainly 
block  polymerization.  This  hypothesis  does  not  seem  to  hold  in 
the  case  of  the  surface  layer  of  globules. 

In  suspension  polycondensation  the  degree  of  homogeniza- 
tion of  the  initial  components  plays  an  important  part,  particu- 
larly under  practical  conditions. 


Resume 

Du  point  de  vue  hydrodynamique  entre  la  polycondensation 
en  suspension  et  polymerisation  en  suspension  il  existe  des 
analogies. 

Les  problemes  de  I’hydrodynamique  de  polycondensation 
dans  le  systeme  dispersif  eau-huile  sont  moins  etudies  que  dans- 
le  systeme  huile  - eau. 

De  ' point  de  vue  physico-chimique  la  polycondensation  en 
suspension  se  distingue  de  la  polymerisation  en  suspension  par 
quelques  indices: 

1)  A Texces  des  substances  tensio-actives  I’emulsion  ne  se 
forme  que  dans  les  cas  exclusifs. 

2)  Pour  la  polycondensation  en  suspension  les  quantites  de 
substances  tensio-actives  utilisees  sont  superieures  aux  quanti- 
tes utilisees  pour  la  polymerisation  globulaire.  En  dermier  cas 
on  emploie  des  traces  des  substances  tensio-active;  pour  une 
concentration  elevee  de  ces  substances  il  existe  une  tendence  a 
former,  un  bloc. 

3)  Le  deroulement  de  processus  depend  essentiellement  de  la 
nature  de  stabilisateur.  C'est  le  stabilisateur  proche  (selon  sa 
nature)  de  systeme  de  condensation  qui  est  avantageux.  On  peut 
supposer  que  dans  certains  cas  un  stabilisateur  acide  cause  la  di- 
minution de  la  concentration  de  catalyseur  de  reaction  sur  la 
surface  de  division.  Dans  le  cas  des  systemes  neutres  ou  presque 
neutre  on  ne  peut  employer  aucun  emulsionnant  (meme 
neutre). 

4)  La  nature  des  constituants  du  systeme  exerce  une  influence 
sensible  sur  la  polycondensatidn. 

5)  Une  influence  de  milieu  dispersif  sur  la  securite  de 
1’ execution  de  la  reaction  sera  etudie  plus  loin.  Malgre  les  va- 
leurs  voisines  de  densite  et  tension  interphasee  Tapplication  des 
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hydrocarbures  ainsi  que  le  xylene  ou  tetrachlorethane  est  plus 
avantageux  que  celle  du  chlorobenzene  ou  tetrachlorethylene. 

6)  II  y a une  opinion  que  la  polymerisation  en  suspension 
soit  essentiellement  une  polymerisation  en  bloc.  Cette  hypo- 
these  ne  semble  pas  correcte  pour  une  couche  superficielle  des 
globules.  Un  role  important  a la  polycondensation  en  suspension 
surtout  dans  les  conditions  industrielles  est  joue  par  le  degre 
d 'homogenisation  des  constituents  initiaux. 
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0 COnOJlHMEPAX  a-METHJICTHPOJIA 
H BHHHJIHAcDTAJIHHA 
C J^PyrHMH  BHHHJIOBBIMH  GOE^HHEHHflMH 

A.  B.  rojiy6eeaf  H.  ?P.  V c Man  o o a.  A,  A,  B aniueiidm 

(OCCV) . 


ConojiHMepw  a-MeTHJicTHpojia 

a-MexHJiCTHpoji  nojiHMepHsyeTCH  no  csoSoAHO-paAHKajibHOMy 
MexaHH3My  c SojibiniiM  xpyAOMH  c MaJion  rJiy6iiHOH  npeBpain,eHHH. 
Tan,  no  AanHBiM  Jlaypn,  npn  nojiiiMepH3au;HH  a-MexnjiCTnpoJia  noA 
BJiHHHHeM  oSjiyneHHH  pxyxHOKBapAeBOH  jiaMnon  npn  120°  b xenenne 
-5  Aseii  BBixoA  nojinnepa  ne  npeBBiniaji  0,3% . B npncyxcxBun  hoh- 
HBTX  KaxaJiHsaxopoB  (SnCl4,  BF^,  MexajuinnecKoro  naxpHH  n Apyrnx) 
npn  HH3KHX  xennopaxypax  a-Mexnjicxnpoji  nojiiiMepnsyexcH  JierKO. 

IIpeACxaBJiHJio  HHxepec  nccjieAOBaxB  npoAecc  conoJiHMepn- 
-BaAHH  a-MexHJicxnpojia  c ApyrnMn  bhhhjibhbimh  coeAHHennaMH  no 
paAHKajiBHOMy  MexannsMy. 

B peayjiBxaxe  npoBeAennHx  iiccJieAOBannH  naiviH  ycxanoBJiena 
bo3mo>khocxb  conojiHMepHsaAHH  a-MexHJicxnpoJia  c ApyrnMH  mo- 
HOMepaMH  KaK  nojiapnoro,  xan  h nenojiapnoro  xapanxepa,  no 
'CBo6oAHO-paAHKajiBHOMy  MexannsMy  c fiojibinoH  rjiy6HHOH  npe- 
Bpanj.eHHH,'  B KanecxBe  coMonoMepoB  npuMenaJin  cxnpoji,  2,5- 
ji;HXjiopcxHpoji,  MexHJiMexaKpujiax  li  aKpnjiOHHxpnji.  PeaKAiiio  co- 
nojiiiMepH3aii,HH  ocymecxBJinjin  b 6jioKe  n BOAHO-BMyjiBciioHHBiM 
isiexoAOM.  B KanecxBe  nniiAnaxopa  b cjiynae  aMyjiBcnoHHOH  nojin- 
MepnaapHH  npHMenHJin  nepcyjiB(|)ax  najinn,  npn  nojinMepHsapHn 
B 6jiOKe  npHMeHHJiH  pasjinnHBie  nepeKiicn  — nepeimcB  6eH30HJia, 
nepeKHCb  xpex.  Syxnjia,  ne.pSensoax  xpex.  6yxHJia  n Apyrne. 

Ilpn  HCCJieAOBaHHH  npopecca  conoJiHMepnsannH  onpeAeJiaJin 
TJiySnny  npOBp  antenna,  cocxaB  oSpasyion^nxcn  conoJiiiMepOB 
H Hx  xapaKxepiicxnnecKyK)  bhskocxb,  a xaK>Ke  HBynajin  $H3HKO-Me- 
xaniiHecKne  n AnaJieKxpnnecKHe  CBoncxBa  nojiynaoMBix  conojin- 
:MepoB.  CocxaB  conoJiHRiepoB  .a-MexHJicxnpoJia  co  cxnpojiOM  onpe- 
ji;ejifljin  moxoaom  HK-cneKxpocKonnn,  ocxajibHBix  conoJiHMepoB 
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a-MeTHJICTHpOJia  — XHMH^eCKMM  MeXOAOM.  yCXaHOBJIGHO,  HTO  Xipil 

yBejiH^emm  coAepHcannH  a-MexHJiCTupojia  b hcxoahoh  cmgch  moho- 
MepoB  peaKAHfl  noJiHMepnaaAiiH  saMeAJiHexcH  h saMexHO  yMeni- 
maexcH  KOHe^Haa  rJiyGnaa  npeBpaii],eHHa.  llpn  axoM  xapaKxepH- 
cxaaecKaa  bhskocxl  conoJiHMepoB  xanace  noHHJKaexca,  b ocoSen- 
HOCXH  npa  nojiHMepHsaAHH  MOHOMepoB  b 6jioKe.  Ilpn  yBeJinaeaHH 
coAepjKaHHH  a-MexHJicxHpoJia  b conoanMepax  MexamiaecKaa  npoa- 
HOCTb  BO  Bcex  cjiyaaax  aaMexHo  CHHH^ajiacB,  a xenjiocxoHKocxb 
noBLimajiacb  (pnc.  1,  2,  a,  6),  . 


Phc.  1.  BjiHHHHe  coAepH^anHH  a-MexHJicTiipojia  iia  rjiyoii- 
Hy  npeBpaiAGHHH  b npon;ecce  nojinMepH3an;nH 

J — a-MeTHJICTHpOJI  + 'CTHP0JI,  2 — a-MeTIIJICTHpOJI  + 2, 5-JtHXJIOp* 

CTHpOJI,  3 — a-MeTHJICTIIpOJl  + MeTIIJTMexaKpHJiaT 

B xa6ji.  1 npHBeAeHBi  CBoncxBa  conojinMepoB  a-MexHJicxiipojia 
C APyrHMH  BHHHJIbHLIMH  COeAHHeHHKMH,  nOJiyaeHHHe  aMyjIbCHOH- 
HHM  MexoAOM,  npn  MOJiapaoM  cooxHomeHHH  MOHOMepOB  1 : 2,5. 
ycJiOBHH  noJiHMepiiaaiAHH:  0,2%  nepcyjib^axa  Kajina,  1%  cyjib- 
(j)aHOJia  (aMyjibraxop),  80°.  PeaKn.Hio  npoBOAHJiii  b tokb  aapxa  ao 
rjiyGuHLi  npeBpaiAGHHa  ne  Menee  95%.  ConojiHMep  a-MexnJicxn- 
pojia  CO  CTiipojiOM  npcACxaBJiaex  onpcAeJiCHHUH  HHxepec,  xan  KaK 
ero  xenjiocxoHKOcxb  na  30°  Bbiine  xenaocxoMKOcxH  nojiHCxnpojia; 
B xo  me  BpeMH  oh  coxpanaex  bhcokhg  AHaJiGKxpHaGCKHG  CBoiicxBa 
nocJiGAHero  ii  o6j[aAaex  yAOBJiexBopnxGJibHOH  MexaHHaGCKoii  npoa- 
IIOCXbH). 

IlojiHMepbi  II  conojiHMepbi  BHiiiuiHa^iTajiHiioB 

XoxH  B JiHXGpaxypG  HMGioxca  HGKOxopbiG  yKasaHHa  Ha  xo,  HXO 
nOJIIIMCptl  MOHOBHHHJIHa(|)XaJIHHOB  OXJIHHaiOXCa  6oaeG  bhcokom 
XGMHGpaxypOH  paBMHraGHHH,  HGM  HOJIHCXHpOJI,  nOJIHMGpH3ai];Ha 
3XHX  MOHOMGpOB  H CBOHCXBa  HX  HOJlHMGpOB  HSyHGHbl  O^GHb  MaJIO. 
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Codepmatiue  ct-mmiwcmupom  Qconommpe,M(m%\ 

6 

Phc.  2.  BjiHHHHe  co^epHiaHHA  a-MeTHJicTHpojia 
B conojiHMepe: 

a — Ha  xapaKTepHCTHqecKyio  BHaKOcrt,  6 — na  TenjiocTO^KOcxt; 
i — conojiHMep  a-MCTHJiCTHpojia  co  cthpojiom;  2 — to  jkc  c 
1 2,5-«HxjiopciHpojioM;  3 — to  me  c.  MeiHiiMeraKpHJiaTOM 
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a 6 ji  II  u a 1 

CfioiicTBa  conoaiiMepOB  a-MexHJicTiipoaa  c ApyrHMii  bniioabiibiaiH  co(iAHHenHflMH 
(MoJIHpHOG  COOTHOHIGHHe  a-MCTHJICTHpOJi:  COMOHOMGp  =1  t 2,5) 


Tenjio- 

yjnejibHaa 

Ilpeneji  npon- 

HOCTII  *npii 

TBepjxooTb  no 

9jieKTpnqecniie  CBOiiCTBa  npn 
nacTOxe  10*  repp  m 20° 

CoMOHowep 

no  Biina, 

BflSKOCTb, 

kF-cm/cm^ 

CTaTunecKOM 

HsrHSe^Kr/cjH* 

BpHHeJIJlK), 

1 kF/mm^ 

h] 

tg  5 

1 

£ 

p OM-CM 

CxHpOJl 

130 

15—17 

' 1000 

16 

1 

0,0005. 

2.5 

1—2 -low 

2,5-flHXJlOpCTHpOJl  

150 

— 

— 

17,5 

0,75 

0,0004 

2,6 

1.1018 

MexHaMeiaKpHJiaT 

158 

13—15 

900 

17,5 

0,771 

0,012  . 

2,7 

AKpilJIOHHXpHJl • . . 

147,5 

' 

17,3  . 

1,3 

0,0072 

2,8 

' ' 

n p H M e 4 a H n e.  y^ejiLnyio  y^apHyic  BasKOCTb  h npe^eji  TipoanocTE  npii  ciaTHaecKOM  narnGe  onpeAeJiHJiii  Ha 
g jiiiTHx  oGpaauax. 
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y^TLiBaa  CpaBHHTGJIBHO  JierKyiO  AOCXynHOCTb  BHHHJT.Ha(J)TaJIH- 
HOB  H noBHineHHyK)  TenjiocToflKocTb  HX  noJiHMepoB,  npeflcxaB- 
jiHJio  HHTepec  6ojiee  A^TajibHO  HBy^Tb  hx  nojiHMepH3ai3;Hio  h co- 

nOJIHMepH3aH,HK)  C flpyrHMII  BHHHJIBHHMH  COeAHHeHHHMH  H CBOHCXBa 
noJiyaaeMbix  npoAynxoB. 

nojiyneHHH  ancxHX  a-  h p-BHHHJiHa(j)TajiHHOB  HaMH  6hji  npn- 
MeneH  mgxoa  hx  CHHxesa  aepes  cooxBexcxByiomHe  ai],exoHa(j[)xoHbi 
B pasJiHaHHx  pacxBopnxejiHx  (AHXJiopaxaHe  h HHxpo6eH30Jie), 
c HOCJieflyioiUHM  hx  BOccxaHOBJieHneM  h AerH^paxauiHeH  nojiyaeii- 
HbIX  Kap6HHOJIOB.  OnSHaeCKHe  KOHCXaHXH  CHHXeSHpOBaHHbIX  H30- 
MepOB  BHHHJIHa(|)XajlHHOB  COOTBeXCXBOBaJIH  JIHXepaxypHbIM  AaHHHM. 

nOJIHMepH3aii;HIO  BHHHJIHa(J)TaJIHHOB  OCym^eCXBJIHJIH  KaK  Gjioa- 
HbIM,  XaK  H 3MyJIbCHOHHHM  MeXO^aMH.  B KaaeCXBe  HHHII^HaXOpOR 
npn  noJiHMepH3aii;HH  b 6jiOKe  npHivienaJiH  nepeKHCb  6eH30HJia  h 
AHHXpHJI  a30H3OMaCJIHH0H  KHCJIOXbi;  HpH  BMyJIbCHOHHOII  nOJIHMepH- 

3ai];HH  npHMeHHJiH  nepcyjib^ax  KajiHH,  CBOHCXBa  roMonoJiHMepoB 

a-  H P-BHHHJIHa$xaJIHHOB,  nOJiyaeHHHX  B OAHHX  H xex  5Ke  yCJIO- 
BHHX,  npHBeAeHH  B xa6ji.  2. 

nojiHMepH3an,HK)  b Macce  ocym.fecxBJiHJiH  b cxeKJiaHHHX  anny- 
Jiax,  H3  KoxopHX  6hji  npeABapHxejibHO  yAa-Jien  B03Ayx,  b npHcyxcx- 
BHH  0,2%  nepeKHCH  6eH30HJia  npn  iiocxenenHOM  noBtiineHHH  xom-* 
nepaxypti  ox  60°  ao  120°  b xeaeHne  100  aac.;  KOHBepcHH  cocxaB- 
jiaAa  98 — 99%.  XIoJiyaeHHMe  noJiHMepbi  nepeoca>KABJiH  Mexano-^ 
jioM  H3  pacTBOpa  B 6eH30Jie. 

ripn  BMyjibCHOHHOH  noJiHMepH3an;HH,  Koxopyio  npoBOAHJiH  npH 
80°  ± 1°,  B KaaecxBe  HHHAHaxopa  npiiMenaJiH  nepcyjib(J)aT  Ka- 
jiHa  (0,2%),  a 3Myjibraxopa  — ojieax  naxpiia  (1%).  BbiAeJieuHe 
nojiHMepa  h3  jiaxeKca  npoiisBOAHJiH  KoaryjiaAneH  1%-HbiM  pac- 
XBopoM  MypasbHHOH  KHCJIOXbi.  Ox  jiaxcKca  nepeA  KoaryjiaAHCH 
noJiHMepa  oxroHaJiH  HeBomeAiuHe  b peaKAnio  MOHOMepbi.  PeaK- 
AHH)  npoBOAHJiH  AO  rjiy6HHbi  npeBpaiAGHHa  okojio  98%. 

Ha  npHBeAeHHbix  AaiiHHX  bhaho,  axo  noJiHMepbi  a-BHHHJiiia^xa- 
jiHHa  HMeioT  BHaaHxeJibHO  MCHbrnnH  MOJieKyaapHbiii  Bee  h nenb- 
inyio  MexanHaecKyio  npoaHOCXb,  aeM  nojiHMepbi  p-BHHHJiHa4)xa- 
jiHHa,  noayacHHbie  b xex  me  ycJioBnax.  IIoaHMepHBaAHeH  b aMyjib- 
CHH  6hjih  noJiyaeHbi  6ojiee  BbicoKOMOJieKyjiapiiHe  noJiHMepbi,. 
aeM  npn  noJiHMepHsaAHii  b SjioKe. 

Bee  nojiHMepbt  nnejin  aobojibho  BucoKyio  h npanxiiaecKii 
OAHHaKOByK)  TenjiocxoHKOCTb  (160°  no  BiiKa)  ii  xopomne  AH3JieK- 
xpHaecKHe  cBoiicTBa,  ho  ohh  (ocoSeHiio  p-noJiiiMepLi)  oxjinaajiHCb 
ropasAO  6oJibnieH  xpynKOCxbio,  aeM  nojiiicxHpoji.  XpynKOCXb  no- 
JIHMepOB  HpH  CpaBHHXeJIbHO  BLICOKOM  K03(|)$im;HeHXe  HOJIHMepH- 
3ai],HH  (aHH  P-BHHHJIHa(J)XaJIHHa  paBHOM  844)  MOa^HO  o6baCHHTb 
SojibmeH  jKecxKOCTbK)  hx  ii,eneH  no  cpaBHennio  c AenaMH  hojih- 
cxnpojia.  IIoaxoMy  a-^h  noBbimeHHa  MexanHaecKOH  npoanoexH 
paccMaxpHBaeMbix  njiacxHKOB  npeACxaBJiaJio  HHxepec  BBecxn 
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T a 6 Ji  pm  a 


CBoiicTBa  nojiHMepoB  cc- ii  p-BiiuiiaHa(]^TajiBHOB,  nojiy»ieHHbix  Gjiomtilim 

H aMyjJbCHODHbIM  BieTO^ai^lH 


Bjiohhuh 

1 OMyjibCHOHHuii 

CBOftCTBa 

a-BHHIIJlHa(J)- 

TajIHH 

P-BHHHJl- 

Ha$TajIHH 

a-BlIUMJI- 

HacpfajiHH 

P-BIIHHJiHaCp' 
TaJlHH , 

MojieKyjiHpHMH  Bee  . . • . 

9000 

66  000 

25  000 

115  000 

Ko3<f)$Hi],HeHT  noJiiiMepHaa- 
umi 

58 

. 428 

. 160 

744 

y^^ejiBHaa  y^^apnaa  BasKOCTb, 
kF-cmI.cm^ 

OneHL 

xpynKHii 

1,6 

, < 1 

2,5 

TeilJIOCTOHKOCTB  BO  BHKa,°C 

— ■ 

160,5 

160 

162 

npH  10®  aif  H 20°  e 

— 

5.10-" 

'3-10-« 

4- 10-^ 

npii  10®  2if  H 20°  ..... 

1 

2,6 

2,6 

Codepmanue  6um/inaipma/ti/Ha  CoSepmoHue  euHunHatpmanuHa 

e cono/iuMepe,  % . e conoPUMepe,  % 

Pnc.  3.  SaBHCHMOCTb  MOJieKyjinp-  ,Phc.^  4.  BjiiiflHHe  cocTaBa  coiiojjHMe- 
Horo  Beca  Cjiohhux  coriojiHMepoB  poB  ' BHHHJina^TajiHHa  co  cTiipojiOM 

a-  H p-BHHHJIHa^TaJIHHOB  CO  CTH-  HB  TenJlOCTOHKOCTb 

pOJIOM  OT  HX  cocxaBa 

1 — conojiiiMepti  a-BiiHHjiHa$TajiHHa ; 

2 — conojiHMepbi  3-BHHiiJTna{|)Tajiiina 

B HX  ri;enH  SBentH  CTnpoJia  conojinMepH3an,HeH  nocjieAHero  c a- 
H . p-BHHiiJiHa(|)TajiHHaMH.  PeaKij;HH)  conojiHMepH3ai];HH  ocymecT- 
BJIHJIH  npH  paSJIHHHbIX  COOTHOraeHHHX  HCXO^HHX  MOHOMBpOB  pa3- 
JIHHHHMH  MeXOAaMH. 

IlpH  HSy^eHHH  CBOHCTB  nOJiy^BKHLIX  COnOJIHMepOB  a-  H P- 
BHHHJIHa^TaJIHHOB  CO  CTHpOJIOM  B SaBHCHMOCTH  OT  COCTaBa  (OHpe- 
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j];ejiHeMoro  no  noKasaTejiK)  iipejiOMjieHna)  6hjio  ycTanoBJieHo 
nTO  npa  coAepa^aHHH  a-BHHHjiHa(J)TajiHHa  b conojiHMepe  b kojih- 
nscTBe  30%  H 6ojiee  xapaKTepiiCTHHecKaa  BaaKOCTb  h cootbct- 
CTBeniio  MOJieKyjiapHbiH  eec  uojiHMepoB  pesKO  CHna^aioTca  (ji;o 
10000--25  000).  B cjiyaae*  conojiHMepoB  P-BiiHHjiHa(J)TajiHHa  co 
CTHpojioM,  nojiyaeHHLix  B Tex  me  ycjiOBHHX,  meeT  mgcto  nocxe- 
neHHoe  noHHJKeHHe  MOJieKyjiapHoro  Beca,  h npa  cofl;ep?KaHim 
a-BHHHHHa(J)TajiHHa  B conojiHMepe,  paBHOM  30—50%,  oSpaayioTca 
nojiHMepbi  eme  flocxaToano  BucoKoro  MOJieKyjiapaoro  Beca. 


Pnc.  5.  Bjiiihiihg  cocTaBa  G^iohhbix  conojiimepOB 
a- H p-BHHHJIHa(|)TaJIHHOB  CO  CTHpOJIOM  Ha  HX  yAGJIL-  ' ' . 

iiyio  y;];apHyio  BaaKocTi.  (no  /l^nHcxaTy) 

i — conojiHRiepBi  j a-BHHHJiHa^TajiiiHa ; ,2  — conojraMepu 
p-BHHHJina  (pTajizHa 

Bbmo  xaKHce  noKasano,  axo  npn  yBejiaaenHii  coAepTKaima 
B conoaHMepe  Ha(|)xaaHHOBtix  SBeabeB  aaMexHo  Boapacxaex  xeM- 
nepaxypa  paaMaraenna  nojiHMepoB.  Tan,  npn  nepexoAe  ox  riojiH- 
cxHpoJia  K noJiHBmiHJiHa(|)xajiHHy  ona  Boapacxajia  ox  113  ao  160° 
noaxH  jiHHeiiHo,  npiiaeM  conoJiHMepLi  a-BHHHJiHa(J)xajiHHa  npan- 
THaecKH  He  oxjiHaajiiicb  no  xenjiocxoiiKocTH  ox  conojiHMepoB 
p-BHHHJIHa(|)XaJinHa.  3aBHCIlMOCXB  CBOHCXB  COnOJIHMepOB  BHHHJI- 
Ha(|)TajiHHOB  CO  cxHpojioM  OX  Hx  cocTHBa  HOKasaHa  Ha  pnc.  3 — 5. 

ycxanoBaeno,  axo  conojiHMepLi  p-BUHHJiHa^xajiHHa  co  cxn- 
pojiOM  cocxasa  1 : 3,45  mojigm,  noJiyaennLie  aMyjiBCHOHHLiM  Me- 
TO^OM  B npHcyxcxBiiH  0,2%  nepcyjib^axa  Kajiiia  n aMyjitraxopa 
jieHKaHOJia  npn  80°  ao  rJiy6HHM  npespameHiia  okojio  98%,  Majio 
OTjinaaacb  ox  noJiHCxnpojia  no  (InsiiKO-MexaHHaecKHM  cbohcx- 
BaM,  oSaaAaioT  3HaaHxejiLH0  6ojiee  blicokoh  xenjiocxoHKOcxtio 
(xa6ji.  3). 

ConojiHMepLi  yKaaaHHoro  cocxaBa  npeACxaBJiaiox  onpeAejieH- 
HHH  HHxepec  B KaaecTBe  BLicoKoaacxoxHoro  Ai^sJiGKxpMKa  c no- 
BLimeHHOH  XenJIOCTOHKOCXbH). 
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, . ^ Ta6jiHu;a  3 

CsoucTBa  conoaHMepa  p-BHHnaHa^Taanna  co  CTHpoaoM 
H noaHCTHpoaa 


CBOfiCTDa 

ConojiHMep 

JIHHa  CO  CTHPOJIOM 

(1  ; 3,45  MOAeU) 

nOJlHCTHpOn 

nJIOTHOCTB  . . ' 

1,18 

1,05 

TenjiocTOHKOCTB  no  Buna,  °C 

132 

110 

TBepjioCTt  no  BpnneJiio, 

kT /mm^ 

17 

15 

VAejibHan  yflapnaa  baskoctl, 
kF^cmIcm^  

17-18 

18 

npe^eJi  nponnocTH  npn  CTaxH- 
necKOM  H3rii6e,  kF  ...  I 

900—1000 

1000 

MoAyjiB  ynpyrocTii  npn  nsrnSe, 
kFjcm^ : , . . . 

31000 

31000 

tg  S npn  10®  2if  . 

4— 5-d0~^ 

1 

O 

1 

CM 

s npn  10®  

2,5— 2,7 

2,5— 2,6 

OM' CM  * . . 

1-2*101’ 

1 • IQi’ 

OjieKTpiinecKaH  nponnocTB  (E)  * 

KOjMM '. 

25—30 

20-28 

! 

Summary 

I,  a-Methylstyrene  Copolymers.. 

We  have  established  the  possibility  of  copolymerizing  a- 
methylstyrene  with  other  polar  and  non-polar  monomers  by  a 
free  radical  mechanism,  to  a high  extent  of  reaction.  Styrene, 
/?-chlorostyrene,  methylmethacrylate  and  acrylonitrile  were 
used  as  comonomers.  The  reaction  was  carried  out  in  bulk  and 
in  aqueous  emulsions. 

As  initiators  potassium  persulfate  was  used  in  the  case  of 
emulsion  polymerization  and. various  peroxides  (benzoyl  pero- 
xide, ieri.-butyl  peroxide,  ieri.-butylperbenzoate,  etc.)  in  the 
case  of  polymerization  in  bulk:  , 

In  the  course  of  the  process  determinations  were  made  of 
the  extent  ol  reaction,  of  the  resultant  copolymer  composition, 
and  of  the  intrinsic  viscosity,  as  well  as  of  the  physicomecha- 
nical  and  dielectrical  properties. 

The  polymerization  reaction  has  been  found  to  slow  down 
with  increasing  a-methylstyrene  content  in  the  initial,  monome- 
ric mixture  and  the  extent'  of  reaction  to  diminish  markedly. 
The  intrinsic  viscosity  also  falls,  in  particular  on  bulk- poly- 
merization. . ' ' ' ' 
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Tn  all  cases  of  increasing  a-methylstyrene  content  the 
strength  of  the  ‘ copolymers  noticeably  diminished,  whereas 
the  heat  resistance  increased.  * 

II.  Vinylnaphthalene  Copolymers. 

Polymerization  of  a-  and  p-vinylnaphthalenes  and  their  copo- 
lymerization with  styrene  was  carried  out  in  bulk  and  in  aqueous 
emulsions  by  a radical  mechanism.  In  bulk  polymerization  ben- 
zoyl peroxide  and  azo-bis-isobutyronitrile  were  employed  as 
initiators,  and  correspondingly  persulfates  were  employed  in 
emulsion  polymerization. 

It  has  been  found  that: 

1.  Both  vinylnaphthalene  isomers  polymerize  at  sufficiently 
high  rates  and  with  sufficiently  large  extents  of  reaction. 

2.  The  polymer  of  a-viriylnaphthalene.  and  its  copolyqiers 
with  styrene  have  a lower  molecular  weight  and  considerably 
less  strength  than  the  corresponding  polymers  and  copolymers 
of  the  p-monomer  obtained  under  the  same  conditions. 

3.  Despite  the  comparatively  high  degree  of  polymerization 
(760)  poly-p-vinylnaphthalene  still  has  insufficient  strength 
(specific  impact  viscosity  ca.  2 /eg- cm/cm^), which  may  be  explained 
by  the  considerable  rigidity  of  its  chains.  Tn  copolymeriza- 
tion of  P-vinylnaphthalene  with  styrene  the  mechanical  strength 
increases  with  increase  in  "the  styrene  content  of  the  copolymer, 
but  the  thermostability:  falls. 

4.  The  resultant  vinylnaphthalene  copolymers  possess  high 
dielectric  properties  (tg  8 = 3—4  -10'^,  E — 2.5  — 2.6  at 
10®  Hz  and  p,;  = 2 -lO^T- 

The  results  of  the  investigation  show  that  incorporation  of 
multiniiclear  aromatic  compounds  in  the  polystyrene  chain  raises 
the  softening  point  of  the  high  molecular  compounds  while 
maintaining  their  excellent  dielectric  properties. 


Res  um  e 

I.  Les  copolymeres  d’a-methylstyrolene. 

Nous  avons  etabli  la  possibilite  de  copolymerisation  d’a-methyl- 
styrolene avec  d’autres  monomeres  polaires  et  non-polaires  selon 
le  mecanisme  radicalique  a grand  degre  de  transformation.  On  a 
employe  pour  la  copolymerisation  le  styrolenele  para-chloro- 
styrolene,  le  methacrylate  de  methyle  et  Tacrylonitrile.  La 
reaction  s’effectuait  en  bloc  et  en  emulsion  aqueuse. 

Pour  amorcer  la  polymerisation  en  emulsion  on  employait 
le  persulfate  de  potassium;  pour  Pamorgage  de  polymerisation 
en  bloc  on  utilisait  divers  peroxydes  (peroxyde  de  benzoyle, 
peroxyde  de  butyl-ter,  ter-butylperbenzoate  etc.). 
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Dans  le  processus  de  copolymerisation  on  determinait  le 
degre  de  conversion  de  monomeres,  la  composition  des  copoly- 
meres  produits  et  leur  viscosites  caracteristiqiies,  et  etiidiait 
egalement  les  proprietes  physico-mecaniques  et  dielectiiques 
des  copolymeres  produits. 

On  a etabli  que  lors  de  I’augmentation  de  concentration 
d’a-methylstyrolene  dans  la  composition  du  melange  initial 
des  monomeres  la  reaction  de  polymerisation  ralentit  et  le  degre 
de  conversion  des  monomeres  decroit  sensiblement.  Avec  cela 
la  viscosite  caracteristique  des  copolymeres  diminue  aussi  sur- 
tout  pour  la  polymerisation  des  monomeres  en  masse. 

A mesure  d ’elevation  d’a-methylstyrolene  dans  la  composi^ 
tion  des  copolymeres  la  resistance  mecanique  dans  tons  les  cas 
se  baissait  sensiblement  tandis  que  la  stabilite  thermique  s'ele- 
vait. 

11.  Les  copolymeres  de  vinylnaphthalene. 

La  polymerisation  d’a  et  P-vinylnaphthalenes  et  leur  copo- 
lymerisation avec  le  styrolene  se  realisaient  en  bloc  et  en  emul- 
sion aqueuse  selon  le  mecanisme  radicalique. 

Pour  la  polymerisation  en  bloc  on  employait  comme  initia- 
teurs  le  peroxyde  de  benzoyle  et  Tazodinitrile  isobutyrique; 
et  pour  celle  en  emulsion  — les  persulfates  correspondants. 

On  a etabli: 

1.  Les  deux  isomeres  de  vinylnaphthalene  se  poiymcrisent 
a vitesse  suffisante  et  a haut  degre  de  conversion. 

2.  Les  polymeres  d’a-vinylnaphthalene  et  ses  copolymeres 
avec  le  styrolene  ont  un  moindre  poids  moleculaire  et  line  re- 
sistance mecanique  considerablement  moindre  par  rapport  aux 
polymeres  correspondants  et  copolymeres  de  p-vinylnaphthaleno 
obtenus  dans  les  memes  conditions. 

3.  Le  polymere  de  P-vinylnaphthalene,  malgre  le  degre  de 
polymerisation  relativement  haut  (76f)),  possede,  cependant,  une 
resistance  insuffisante  (resistance  specifique  au  choc  est  pres 
de  2 kg'cmlcm^)  ce  qui  pent  etre  explique  par  la  rigidite  con- 
siderable de  ses  chaines.Lors  de  la  copolymerisation  de  P-vinyl- 
naphthalene  avec  le  styrolene  la  resistance  mecanique  des  poly^ 
meres  obtenus  s’accroit  avec  la  teneur  en  styrolene  du  copoly- 
mere,  la  stabilite  thermique  diminuant, 

4.  Les  polymeres  obtenus  de  vinylnaphthalene  ont  de  haiites 
propriety  dielectriques  (tg  6 ==  3 — 4 *10”^,  E = 2,5— 2,6 
a 10®  Hz  et  p,  = 2 40^^), 

Les  resultats  des  etudes  effectuees  montrent  que  Tinsertion 
dans  la  chaine  de  polystyrolene  des  composes  aromatique^ 
multinucleaires  augmente  la  temperature  de  rambllissemenl  des 
composes  macromoleculaires  tout  en  gardant  leurs  hautes  pro- 
prietes dielectriques.  ' , “ 

19* 


b Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


25X1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


PEAKI^HH  IIEPEflAHH  I5EnH  HPH  ^0JTHMEPH3A^HH 
BHHHJIXJIOPHflA 

Ko^fiuncnu 

(HexocjiOBaKHfl) 


ABTope(J)epaT 

IlpH  nojiHMepH3ai];HH  BHHHJixjiopnAa  b pacxBopax  6hjio  onpeAe- 
.jieHO  ynacTHe  peaKii;HH  nepcAann  ii;enH.  B KanecTBe  pacTBopHTe-Hefi 
iDpHMeHHJIH  H30nponHJIXJIOpHA,  2,4-AHXJIOpneHTaH  H 2,4,6-TpH- 
XJioprenTaH.  Bbijih  onpeAejieHH  KOHCxaHTBi  nepeAa^n  n,enH  ajib 
..axHX  pacxBopHxejieH,  ^xo  Aaex  bosmojkhocxb  nyxeM  aKCxpanojiHpo - 
BaHHH  BHHHCJIHXB  CnOCo6HOCXb  nOJIHBHHHJIXJIOpHAa  K peaKUHH 
.nepeAa^H  AenH. 


Summary 

The  participation  of  chain  transfer  reactions  in  the  polymeri- 
.zation  of  vinyl  chloride  in  solutions  has  been  elucidated,  ^sopropyl 
-chloride,  2, 4-dichloropentane  and  2,  4,  6 trichloroheptane  were 
used  as  solvents.  The  transfer  constants  for  the  solvents  were 
^determined, which  by  extrapolation  allows  the  capacity  of  poly- 
vinylchloride for  chain  transfer  reactions  to  be  determined. 


j^Resume 

Dans  la  polyrnerisation  de  chlorure  de  vinyle  en  ^solution  a 
etd  determinee  la  participation  de  reaction  de  transfert  de  chaine. 
'Comme  catalyseurs  s’appliquaient  le  chlorure  d'isopropyle,  2,4- 
dichloropentane  et  2,  4,  6-trichloroheptane.  Des  constantes  de 
transfert  pour  ces  solvants  ont  ete  definies,  ce  qui  donne  la 
possibilite  de  calculer  par  T extrapolation  Taptitude  du  chlorure 
de  polyvinyle  a la  reaction  de  transfert  de  chaine. 
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HCCJIEaOBAHHE  KHHETHKH 
AHCnEPCHOHHOH  nOJinMEPH3AIl,HH  n-XJIOPCTHPOJIA 
B CTOJIBHKE  BO^^HO^O  PACTBOPA  C JIHHEflHLIM 
rPAJ^HEHTOM  nJIOTHOCTH 

H,  3 e ^um  e p 

(HexocjiOBaKHH)  • 


B nocjie^^Hee  BpeMH  To^Hoe  h Sncxpoe  onpe^ejieHHe  njioTHOCTii 
HJIH  HSMeHGHHH  nJIOTHOCTH  B CTOJl6HKe  JIHHeHHOrO  rpa^HeHTa  nJIOT- 
HOCTH BoniJio  B jia6opaTopHHH  o6hxoa,  C TeneHneM  BpeMenn  3Thm 
MGTOAOM,  KpOMG  OHpGflGJIGHHH  HJIOTHOCTH,  HaHaJIH  HCCJIG^OBaTL 
HBMGHGHHfl  HJIOTHOCTH,  COnpOBO>Kfl;aK)m,He  6HOJl6rHHGCKHe  npoij;GCCLi 
[1],  KpHCTaJIJIHBai^HIO  HOJIHMGpa  H T.  H.  9tHM  MCTO^OM  6hJI  OHpG- 
;a;GJiGH  cocxaB  cohojihmgpob  h cocTasjiHiomHG  tgkcthjilhlix  MaTGpna- 
jiOB  [2].  BoHGp,  Ghghcgp  h YnjiGH  [3]  hphmghhjih  ctoji6hk  rpa- 

AHGHTa  HJIOTHOCTH  TljJIH  HCCJIGJi;OBaHHH  KHHGTHKH  nOJIHMGpH3aH,HH 
B MaccG;  npH  3tom  ohh  nocjieMOsaTGJibHO  bhochjih  KycoHKH  hojih- 
MGp  — MOHOMGpHOH  CMGCH  TpGXMGpHOrO  HOJIHMGpa  B CTOJi6hK  rpa- 
ffHGHTa  HJIOTHOCTH  H HO  yCTaHOBHBIHGMyCH  HOJIOJKGHHIO  OnpGAC- 
JIHJIH  CTGHGHb  npGBpaiH,GHHH. 

CtojiShk  rpaAHGHTa  hjiothocth  hg  ynoxpeSjiHJiH  ao  chx  nop 
AJIH  npHMOrO  HCCJIGAOBaHHH  KHHGTHKH  nOJIHM6pH3aii;HH;  BGCB 
npOAGCC  KOHTpOJIHpOBaJIH  HGHOCpGACTBGHHHM  Ha6jIK)AeHH6M  CTOJI- 
6HKa.  TaK  KaK  OBJiaAGHHG  9THM  CnOCo6oM  HCCJIGAOBaHHH  KHHGTHKH 

HOJiHMGpnaaniHH  cosAaJio  6h  paA  npGHMyiAGCTB,  to  oh  6hji  npHMe- 

HGH  A^a  H3yaGHHa  paAHKaJIBHOH  nOJIHMGpH3an;HH,  HHHH;HHpOBaHHOH 
CHCTGMOH  HGpGKHCL  6GH30HJia  — AHaaKHJiaHHaHH. 
npHHAHH  MGTOAa  3aKJIK)aaGTCa  B CJIGAyiOIAGM. 

Kanan  noAxoAaiAGro  MOHOMGpa  bmgctg  c HHHn.HHpyion];eH  ch- 
CTGMOH  BBOAaT  B CTOa6HK  aHHGHHOTO  rpaAHGHTa  HaOTHOCTH  H 
c noMombio  KaTGTOMGTpa  Ha6aK)AaiOT  hx  MGHaiorAGGca  noaojKGHHG, 
OTBGaaiomGe  hbmghghhk)  hx  naoTHOCTGH  ■ oa  BanaHHGM  npoHCxoAa- 
men  HoauMGpHsaAHH.  Ho  noayaGHHHM  AaHHbiM  paccaHTHBaiOT  Kpn- 
ByH)  HpGBpaiAGHHa.  rio  CBOGMy  npHHAHHy  3T0T  MGTpA  hoaoSgh 
AHaaTOMGTpHH,  HO  OTaHHaGTCH  OT  HGG  TGM,  HTO  HOaHMGpHSyGMMH 
MOHOMGp  BCTynaGT  B npaMOG  COnpHKOCHOBGHHG  CO  CpGAOII  CTOa6HKa 
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rpa^HeHTa  njiOTHocTii,  koto  pan  mo^cbt  Ha  Hero  BJiHHTjb  . 9tiim 
orpaHHHeH  bh6op  MOHOMepa.  ^jih  Toro,  htoSbi  MOHOMep  iie  pac- 
TBopHJiCH  B CTOJi6Hke  rpaflHeHTa  njioTHpCTH,ero  iijiothoctb  AOJiJKHa 
6lITB  SoJIBHie  1,  TaK  KaK  HeB03M05KH0  npHrOTOBHTB  ctoji6hk  rpa- 
;i;HeHTa  hjiothocth  a-Jih  nJiOTHocTeH,  MeHBmnx  hcm  1,  b KOTopbix 
6hi  He  npoHCxoAHJio  pacxBopeHHH  oShhhhx  MOHOMepoB.  B Ka- 
HecTBe  noAxoAHmero  ajih  3T0h  abjih  MOHOMepa  6biJi  H36paH  n-xjiop- 
CTHpOJI. 


SucnepuMenmajihuan  uacmh 

ripHHAHn  npuroTOBJieHHH  CTOJiSnKa  JiHHenHoro  rpaAHeiiTa  hjiot*- 
HOCTH  OCHOBaH  Ha  JIHHeHHOM  H3MeHeHHH  CKOpOCTII  HCTeneHIIH 
h^hakocth  Hepe3  KannJiHHp  npn  jiHHeiiHOM  HaMeneHHH  Hanopa[4— 6]. 

npnroTOBjieHHH  CTOJiSnKa  6hji  npaMenen  pacTBop  noBapeHHOH 
coJiH.  C noMon];bK)  cneAHajibHOH  annapaxypH  6bijio  bosmojkho 
C03AaxB  cxojiShk  jiHHeHHoro  rpaAHeHxa  hjiothocxh  ajihhoh  100  cm, 
npHHeM  rpaAHenx  hAoxhocxh  npHMeHneMHX  ctoji6hkob  cocxaBJiHJi 
8,4  •10“'*  B KanecTBe  cocyAa  aJih  cxojiSHKa  rpaAHenxa  hjiot- 

HocxH  npHMeHHJiH  cxeKJiHHHyio  Tpy6Ky,  sanaHHHyio  c OAHoro  KOHAa, 
AJIHHOH  105  CM,  AHaMexpOM  4 CM,  CneAHaJIBHafl  KOHCXpyKHiHH 
aaxBopa  oxoh  xpy6KH  AaBajia  bo3mo>khoctb  coaAaxB  jiHHeiiHBiH  rpa- 
AHeHT  hjiothocxh  C paSJIHHHBIM  COAepHCaHHOM  paCXBOpeHHOrO  KHC- 
AopoAa,  npHHeM  ero  coAep>KaHHe  moh«ho  Sbijio  onpeAejiHXB  kojih- 
HeCTBCHHO.  • 

IIojiHMepHaaAHOHHaH  CHCxeMa  6BiJia  npHTOxoBJieHa  cjicAyioiAHM 
chocoOom:  CMecB  n-xjiopcxHpoJia,  nepeKHcn  OenaoHJia  h ahhjikhji- 
aHHJiHHa  ObiJia  nojiynena  b HHepxHOH  axMoc^epe  b CMeniHBaioiAeH 
annapaxype,  onniAena  ox  KHCJiopoAa  h npn  homoiah  cneAnajiBHoro 
KanHJijiapa  SbiJia  noMemena  b cxojiShk  rpaAHenxa  hjiothocxh  xaK, 
hxoObi  o6pa30BajiHCB  mapHKH  pasHOH  BejiHHUHH  (0,1 — 0,7  cm). 
OcxaBHIHHCH  MOHOMep  HpOAOJIJKaJI  OAHOBpeMeHHO  n0JIHMepH30- 
BaxBCH  npn  nepeMemHBaHHH  aaoxoM  b CMemHBaioiAeH  annapaxype. 

06cym>^enue  pesyjihmamoe 
BjiHHHHe  pacTBopa  ctojiShkh  jiHHeiiHoro  rpaAHeHxa 

HJIOTHOCTH  Ha  XOA  HOJIHMCpHSaAHH 

Ha  pHC.*l,  2,  3,  4 noKsisaH  xoa  noJtHMepnsaAHH  niapHKOB 

n-XJIOpCXHpOJia  paaJIHHHOH  BeJIHHHHH,  HHHAHHpOBaHHBIX  CIICXeMOH 
nepeKHCB  SenaoHJia  — AHMexHJiaHHJiHH,  b cxojiOHKax  rpaAHenxa 
HJIOTHOCTH,  B KOTOpiJX  6bIJIO  paCXBOpeHO  paSJIHHHOe  KOJIHHeCTBO 
KHCJiopoAa. 

KaK  BHxeKaex  HH  KpHBLix,  c yBejiHHeHHeM  KOHAeHxpaAHH  pac- 
TBopeHHoro  KHCJiopoAa  HcyMeHBmeHHeMAHaMexpanojiHMepHayeMBix 
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Pile.  1.  3aBHciiMOCTi>  CKOPOCTII  ^OJIHMeplI3a^HH  n-xjiopcTiipojia,  IIHH- 
i|HiipoBaHHOii  cHCTeMoii  nepeKiicb  6eii30HJia-|-  N,N-flnMeTiiJiaHnjiMH, 
OT  Aii^MGTpa  mapHKOB  (d). 

KOHiieHTpaiflHa  i^icjiopofla,  pacTBOpeHiioro  b pacTBOpe  CTOJiOnKa  rpajiiieHTa  luiox 

HOCTH,  OTBenaeT  0,50*10”®  d = 0,64  cm]  . . d = 0,51  cm, 

— . . — d = 0,41  cm;  — — d = 0,27  cm; d = 0,10  cm 


PhC.  2.  SaBHCHMOCTB  CKOpOCTH  ^OJlHMepH3a^HH  n-XJlOpCTHpOJia,  IIHU* 
I^HHpOBaHHOH  CHCTeMOH  IIGpeKHCb  6eH30HJia  N,N-AlIMGTIIJiaHIIJlHII, 
OT  flHaMGxpa  mapHKOB  (d). 

KOHueHTpaiBiH  KHCJiopOAa,  pacTBOpennoro  b pacxBOpe  CTOJi6nKa  rpafliienTa  njiOT- 

HOCTii,  OTBe'ia ex  1 ,28*10“®  MOAblA-  : ^ d = 0,71  cm;  . . . d = 0,55  cm, 

_ . . — d — 0,41  cm;  — . — d = 0,13  cm; d — 0,07  cm 

20* 
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Bpejnfi,JnuH 


Phc.  3.  SaBHCHMOCTt'  ckopocTH  nojiHMepH3aii;iiH  re-xjiopcTHpojia,  huh- 
ii;HHpOBaHiiOH  cHcreMOH  nepeKHCb  SenaOHJia  + N,N-flHMeTHJiaiiiiJiiiH, 
OT  jiiHaMCTpa  mapHKOB  (cQ. 

KOHacHTpaiam  KiicJiopOAa*  pacTBOpenHoro  b pacTBOpe  CTOJiOiiKa  rpannenTa  njioT- 

HOCTH,  OTBe^acT  5,81  *10“®  MOJibjA. d—  0,68  cm;  — ...  d = 0,46  ot; 

— ..—d— 0,36  C4t;‘—  d = 0,26  cvw; = — d = 0,ll  cjtt; . d=0,07c^ 


Phc.  4.  SasHCHMOCTb  cKopocxii  nojiHMepHsaiiiiH  n-xjiopcxnpojia,  iimi- 
^HHpoBaHHdH  cHcxeMOH  iiepeKHCB  6eH30HJia  “1-  N,N“;iHMexHjiaHiiJiiiii, 
’ : ‘ ox  ^HaMexpa  mapHKOB  (cQ, 

KOHHeHTpauiifl  KHCJiopoaa,  pacTBopenHoro  b pacxBope  CTOJiOnKa  rpaAncHTa 

iinOTHOCTii;  OTBenaeT  23,85  • 10-®  MOAblA, .d  = 0,71  cm;  — . . d = 0,47  cm; 

' — . . — d = 0v31  cm;  d = 0,18  cm; d = 0,13  cm; 

' — d = 0,10  CAt 
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raapHKOB  yBejiHHHBaeTCH  paajiHrae  b xoa©  hx  nojiHMepnaaAHii, 
Kan  KpHTepHH  bjihhhhh  KHCJiopoAa  6HJia  BH6paHa  CKopocTt  hojih- 
Mepii3ai];HH(i?)  nocjie  HCTeneHHH  ycKopHioJAero  nepnoAa,  t.  e.  nocjie 
15  MHHyx  K.  riocTpoeHHeM  rpa(J)HKa  aaBHCHMOCTH  R h 1/d 
(pHC.  5),  T.  e.  BejiHHHHH  o6paTHo  nponopAHonajiLHOH  A^aMeTpy 
nojiHMepiiayeMoro  mapnKa,  6HJia  noJiyHena  bo  Bcex  cjiynanx  JiHHen- 
nan  saBHCHMOCTB,  BLipajKaioiAafl  BJiHanne  AH$$y3HH  KHCJiopoAa 
aepea  noBepxHOCTb  nojiHMepHsyeMoro  mapnKa,  xaK  nan  ona  npHMO 
nponopAHonaJiBHa  yAejiBHOH  noBepxnocra,  t.  e.  OTnecenHOH 
K eAHHHn;e  oSBema. 


Phc.  5.  SaBHCHMOcTb  cKopocTH  nojiHMepH3an;HH  R ot  yd  npH  paa- 
jiHHHHX  KOHAeHTpaAHflx  KHCJiopoAa  B pacTBope  cToji6HKa  rpaAnenTa 

nJIOTHOCTH 

© — 0,50-10-'  MOAb  Otlji;  0“  1,28-10~*  moau  O2M;  • — 5,81 '10““  Aioyib-OjU; 

Q — 23,85*10-®  MOJib  O2U 

\ 

PaCTBOpeHHBIH  KHCJIOpOA  SaMBAJIHGT  nOJIHMepHSaAHK)  H,  KaK 
BLixeKaeT  h3  pnc.  6,  na  KoxopOM  HsoSpajKena  BaBHCHMOCxB  mch^ay 
yrJiOM  HaKJiOHa  npuMHX  (pnc.  5)  h KOHAeHxpaAHeH  pacxBopen- 
Horo  KHCJiopoAa,  oh  oKasBiBaeT  na  bxoh  cxaAHH  nojiHMepHsaAHH 
pemaiom;ee  BjiHHHne  na  sejiHHHHy  CKopocxeH  noJiHMepnsaAHH  ox- 
AejiBHBix  mapHKOB. 

IlepBaH  cxaAHfl  nojinMepnaai^HH,  na  KoxopoH  MajieHBKne  mapHKH 
nojTHMepHayiOTCH  Sucxpee,  6BiJia  o6BHCHeHa  xeM,  hto  xoa  Ancnep- 

CHOHHOH  nOJIHMepHSaAHH  CpaBHHBaJIH  C OAHOBpeMeHHOH  nOJIH- 

MepnaaAHeH  b Macce,  Koxopyw  npoBOAHJin  b CMemnBaioiAeH  annapa^ 
xype  xaKHM  chocoSom,  hxo  nepea  ocxaxoK  nojiHMepiiaaAHOHHOH 
CMecH  npoAyBajiH  cyxon  aaox,  a b onpeAeJieHHHX  HHxepBajiax 
CMeCB  BBOAHJIH  HO  KaHJIHM  B CXOJi6hK  rpaAHCHXa  HJIOXHOCXH  (KHHe- 

XHKa  JV2  3). 

Ha  pnc.  7 bhaho,  hxo  y bboahmhx  mapHKOB  cxeneHB  npeBpa- 
meHHH  CHanajia  6ojiBme,HeM  y mapiiKOB,  nocxoHHHo  noJiHMepHsy- 
lOiAHxcH  B cxoji6HKe  rpaAHOHxa  hjioxhocxh.  B AHJiBHenmen  cxaAHH, 
OAHaKO,  nojiHMepHaaAHH  B annapaxype  Aocxnraex  GoJiBmen  cxenenn 
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Piic.  6.  3a«iiciiMOCTb  BejiMHHH  yrjiOBUx  K09(J)({)HB;HeiiT0B 
lipBMMX  113  pHC.  5 (R^)  OT  KOHU;eiITpaUIIH  KHCJIOpOAa 
B pacTBope  cTOJiSiiKa  rpaAiieiiTa  njiOTnocTii 


BpeMR,MUN  ^ 

Phc.  7.  BocnpOH3BOAHMOCTb  AHcnepcHOHHOH  nojinMepii- 
aaAiiH  7i-xjiopcTHpojia  iiHHn,HHpOBaiiHOii  cHcxeMon  nepeKwcb 
CeiisoHJia  -f  N,N-AHMeTHJiaHH:iHu  b cTOjiSHKe  JiniieHnoro 
rpaAHenTa  hjiothocth 

c> — KiiHeriiKa  Ks  1;  0 — KHHeTiiKa  Ks  2;  C — luiHeTiiKa  K2  3;  ® — 
cpaBHiiTejibHue  KanjiH  dJiOHnofi  noJiiiMepn3aanii,  iipOBOji;HMOii  b aTMO- 
c^epe  cyxoro  asoTa;  O — KHneTHna  Ka  4;  ® — cpaBUHTeJibHue  Kanjiii 
daoBHOii  nojiHMepHsaixuH,  hpoboahmom  b aTMOC(J)epe  asora  b npucyTCT- 

BHII  BOAhl 
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npespameHHH  a npeBHinaex  bcjiii’ihhbi,  HaufleHHbie  no  rpaftHeHxy 
njioxHocxH.  Hao6opox,  b KHHexHKe  4,  k ocxaBmeaGfl  nojiHMepn- 
3a^iI0HH0H  CMBCH  6HJia  npaCaBJiBHa  b He6oJibinoM  KOJiHHecxBe  hh- 
cxHJiJiHpoBaHHaa  BOAa.  Ha  pac.  7 bhaho,  hxo  b bxom  cjiyaae  cob- 
naRenae  MeatRy  raapaKaMa,  nonaMepaByroiRaMBCH  c caMoro  aaaajia 
b cpeRe  cxojiSaKa  rpaRaeaxa  nnoxaocxa,  a MejKRy  bborhmhmb  raa- 
pBKaMB  ropasRO  JiyaniG,  Bborbmbig  niapaKa  bmgiox  SoJibniyio  Ha- 
aajibHyio  CKopocxb  nojiaMepaaaRaa,  ho  Rocxaraiox  5oJiee  hbskoh 
cxeneHH  npeBpanteHHH.  9xb  peayjibxaxH  ROKasHBaiox,  axo  apacyx- 
cxByioiRaH  BORa  Bjiaaex  aa  aojiaMepaaaRaH)  xanaM  o6pa30M,  axo 
oaa  ycKopHex  pa3Jio®eHHe  nepeKaca,  axo  Bbi3biBaex  apeRcxaBne- 
Hae,  KaK  6yRxo  6bi  npacyxcxBOBaao  6oJibraee  KOJinaecxBO  aMBna 
[7].'  Tox  $aKx,  axo  aaaajibHoe  ycKopHH)n],ee  BnaaBHe  aaiiexHo 
npeacRe  Bcero  y MaaenbKHX  niapBKOB,  o6x>acHaexca  bx  6onbniOH 
yReabHOB  noBepxHocxbio,  aepes  Koxopyio  npoacxoRax  RB$$y3Ha 
BORH  B noaaMepasyeMbie  niapaKa. 

Ha  pac.  7 xaKHie  mohjho  Ha6nioRaxb  BocnponsBORBMOcxb  pe- 
ayjibxaxoB  RacnepcaoBHoa  nonaMepasaRaa  b cxojiSnKe  rpaRaenxa 
nJIOXHOCXH_. 

IIccjie^oBaHHe  ^HcnepCHOHHofi  nojiiiMepii3an,HH 
n-XJIOpCTHpOJia,  HHimHHpOBaHHOfi  CHCTeMOH 
nepeKHCb  6eH30HJia-l-aHaJiKHJiaHHJiHH,  b cxoJiSHKe 
jiHHeHHoro  rpa^HeHTa  hjigthocth 

B ^ajibHennieM  onucaHHUM  MeT0ji,0M  6hjio  ycTanoBJiGHo  BJiiiHHHe 
aaMCCTHTejiH  b aMHHorpynne  j3;najiKHJiaHHJiHHa  n BJiHflHne  saMecxii- 
TejiB  B napa-noJiOHceHHH  b 6eH30JiBH0M  HApe  aHHJiUHa  na  xoa 
nojinMepii3aii,HH.  btoh  H36paHBi  CJi6AyK)ni,iie 

AiiajiKHJiaHHJiHHH: 

а)  N,N-AHMeTHJiaHHJiHH,  N,N~AH3THJiaHiiJiiiH,  N,N-aH" 

/i-npomiJiaHHJiHH^  N,N-AB:-K-6yTHJiaHHJiHH,  N,N-ah--w-okthji- 

aHHJIHH, 

б)  N,N-AHajiJiHJiaHHJiHH, 

e)  N,N-AHMeTHJi-M''6pOMaHHJiHH, 

e)  N,N-AHMeTHJI-?l-TOJiyHAHH. 

CpaBHeHHfl  BJIHHHHH  paSJIH^HLIX  AHaJIKHJiaHHJIHHOB  Ha 
nojiHMepH3an;Hio  n-xjiopcxnpojia  6tiJi  noACHExan  nopHAOK  peaKAHH 
OTHOCHXeJIbHO  HHHAHHpylOmeH  CHCXeMH  H KOHCXaHXa  CKOpOCTH  A^IH 

HanajiBHOH  cxaAHH  nojiHMepnaaAHH.  B A^JibHenineM  6biJia  onpe- 
AGJiena  o6in,afl  anepruH  aKTHBaii;HH.  Hxo6i>r  mo>kho  6biJio  cpaBHHXb 
peayjibTaxbi,  noAcnex  AaHHHX  npoBOAHJica  a^^  aKCxpanoJinpoBaH- 
Horo  A^aMexpa  mapHKa,  paBHoro  0,6  cm, 

BbiJio  HafiAGHO,  WTO  noJiHMepHaaAHH  n-xjiopcxnpojia,  hhhahhpo- 
BaHHan  CHCxeMoii  nepeKiicb  SenaOHJia  4"  AHajiKHJiaHHJiHH,  npoxe- 
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Kaex  B Ha^ajiBHOH  CTa^HH  npn  noCTOHHHOH  KOHi];eHTpaij;HH  moho- 
Mepa  corjiacHo  cjieji;yioii5,eMy  ypaBHennio:  . . 

“ (“^)o  ==  = * [(Bz202)o  • (AHajlKHJiaHHJIHH)o]^, 

npH^eM  BHaBeHHH  n i^  k paaJiHBHHX  AnajiKHJiaHHJiHHOB  h 
TeMnepaxyp  npHBe;i;eHH  b xaSji.  1. 

,T  a 6 JTim  a 1 


3HaqeHHfl  noKasaTCJiH  n h KOHcxaHTM  CKopocxH  h 
noauMepHsauBH  w-xaopcTHpona,  BHBi^nHpOBaHHoif  CHcxeMoii 
nepeKiicb  GeHSonaa  + j^BaaKnaanBaHH 


: AHaJIHHJiaHHJIHH 

XeMnepa- 
Typa;  ®C 

n 

*•10® 

N,N-/]|HMeTiiJiaHJiaiHH 

25 

0,42 

1,62 

N,N- ...... 

25 

0,37 

M5 

N,N-flH-M-nponHJiaHHJiHH  .... 

25 

0,34 

0,95 

N,N- AH-H-6yTHJiaHHJIHH 

25 

0,34 

• I’.OO 

N,N-AH-W-OKTHJiaHHJIHH  . . . . . 

25 

0,33 

1,00 

W-BpOM-NjN-AHMeTHJIAHHJlHH  . . 

25 

0,36 

0,87 

N,N-^(HMeTHa-nrTOJiyHAHH  . . . 

25 

, 0,33 

2,17 

NjN-flnajiJiHJiaHHJiHH  ...  . . . 

, 25 

0,33 

0,36 

N,N-AHMeTHJiaHHJIHH,  , ...  . 

15 

.0,43 

0,59 

N,N-flHMeTHJiaHHJIHH  • 

35 

0,41 

3,11 

Hb  TaSjI.  1 BHflHO,  HTO  flJIH  paSJIHTOHX  AHaJIKHJiaHHJIHHOB  6hJIH 
HaHAeHH  6jiH3KHe  no  BejiH^nne  3HaB:eHHH  noKasaTejia  n,  Hcko- 
Topaa  nocaeAOBaTeaBHOCTB  6Biaa  OTMoaona  b tom  cayaae,  Kor^a 
c yBeanaenneM  ajihhh  aan^aTnaecKoa  nienn  yMeaBmaeTca  noKaaa- 
TeaB  n,  HaMeHenne  TeMnepaxypBi  b flanaoM  HHxepBajie  npaKTmecKH 
He  oKasHBaeT  BJinaHna  na  noKaaaTeaB  noJiHMepH3an;HH. 

OAHOBpeMeHHo  c HopaAKOM  peaKAHH  noaHMepH3aii;HH:  Suaa 
onpeAGaena  KOHcxaHTa  CKopocTH  /c,  BHaaenna  KOTopoH  xaKa^e 
npHEGAGHBi  B xa6a.  1. 

Bmo  HaHAGHo,  axo  c yBejiHaHBaiom;eHca  AannoH  aan^axHae- 
CKOH  n;enH  y xpexnaHoro  axoMa  aaoxa  yMeHBmaexca  (aa  HCKaioae- 
HneM  NjN-AH-w-npOHHaaHHaHHa)  KOHCxaHxa  CKopocxH  noanMe- 
pnaaAHH.  TaKa^e  ABynpaxHoe  aaMeiAenae  aajiMBHBiM  paAHKaaoM 
(NjN-AHaaanaaHHJiHH)  cHHJKaex  HaaaaBHyio  CKopocxB.  Bbijio  noA- 
XBepacAGHO,  axo  aaMecxHxeaB  na  SenaoaBHOM  aApG,  naxoAaiAHHca 

B napa-noaojKGHHH,  KoxopHH  npHxarHBaex  ojieKxpoHH  (— Br),  bh- 
BBiBaeT  He6oaBinoe  saMGAaeHHe  nojinMepnaaniHH,  b to  BpeMa  KaK  aa- 
MecxHxejiB,  oxxaaKHBaioiAHH  aaeKxpoHH  (— CHg),  aBaaexca  npHan- 
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HOH  HBHoro  ycKopeHHH  nojiHMepnaai^HH  no  cpaBHennio  c N,N-aii- 
MeTHJiaHHJIHHOM  [8—14]. 

Bmia  onpe^ejiCHa  oSmafl  anepran  aKTHBan;HH  nojiHMepn3aii;HH 
72-XJIOpCTHpOJia,  HHHD;HHpOBaHHOrO  CHCTeMOH  nepeKHCb  6eH30HJia  -H 
-f- AnajiKHJiaHHJiHH.  HaHACHHHe  3HaneHHfl_npHBeji;eHH  b Ta6ji.  2^ 

Ta6jinii;a2 


SHa^eHUH  o5m;eii  dneprnn  aicrnBai^nn  ^^jih  nonnMepnaauHn 
w-xjiopCTHpoaa,  HHnunHpOBaHHOH  CHCTewofi  nepcKHCb 
6eH30Baa  + AiiajiKnaaBnanu 


AnaJIHHJiaHHJIHH 

• 

OOmaa  aneprufi  aKTiiBa- 

nUH  £,  KKaA/MOAb 

N,N-AHMeTH:iaHHJIHH  

11,9±1,5 

N,N-HH3THJiaHHJIHH 

11,9±1,4 

N,N-HH-H-nponHJiaHHJiHH  

12,2±1,1 

N,N-AB-H-6yTHJiaHHJIHH  

11,8±  1,5 

N,N-flH-K-OKTHJiaHHJIHH  

12,4±0,7 

n-BpOM-N,N-AHMeTHJiaHHJIHH  . . . . 

11,9±0,3 

N , N - flHMeiH  JI-  W-TO  Jiy  H AHH 

8,6±0,5 

N,N-flHaJIJXHJiaHHJlHH  

11,5±1,0 

Kan  bhaho  h3  tbSji.  2,  oSmaa  anepraa  aKTHBaii;HH  flaa  AHcnep- 
CHOHHOH  nojiHMepH3aii;HH  yMeHbniaeTca  c 23  KnajilMOJih  — npa 
HHHniHHpoBaHHH  TenaoBHM  pasao^enaeM  aepeKaca  6eH3oaaa — b- 
cpeAHeM  AO  11 ,9  KKajijMOJih npa  BHaAnapoBanaa  cacieMoa  nepeKact- 
6eH3oaaa  — AHaJiKajiaaajiHH  3a  acKjuoaeaaeM  N,N,-AHMeTaa-n- 
ToayaAHHa,  Kor^a  oaa  cociaBaaeT  8,6  KKajijMOjih. 

SaKjiioaeHHe 

PeayabTaTH  pa6oTH  noKasuBaiOT,  ht6  mbtoa  accaeAOBaaaa 
KaaeTaKB  noaaMepa3an;aa  b CToa6BKe  pacTBopa  aaneaHoro  rpa*- 
Aaeaxa  naoTHocxa  A^ex  xoaaHe  a BocapoasBOABMue  peayabxaxu,. 
asaaexca  BHCOKonpoa3BOAHTejibHHM,  xpeSyex  aeSoabmoro  Koaa- 
aecxBa  MoaoMepa  a BHHAaaxopa  a,  KpoMe  xoro,  AeJiaex  bosmohchhm* 
Ha6aH)Aaxb  Baaaaae  cpeAH  aa  aaaexaKy  AHcnepcaoaaoa  nojiaMe- 
paaaAaa, 
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Summary 

A new  micromethod  is  described  for  investigating  dispersion 
polymerization.  The  method  is  based  on  the  changes  in  density 
-of  a drop  of  the  polymerizing  monomer  in  a column  of  solution 
with  a constant  density  gradient.  The  benzoyl  peroxide-dialkyl- 
aniline  induced  polymerization  of  /^-chlorostyrene  in  sodium  chlo- 
ride solution  has  been  investigated. 

With  the  aid  of  the  method  the  effect  of  the  medium 
(aqueous  solution)  on  the  polymerization  reaction  has  been  stu- 
died. The  dependence  of  the  dispersion  polymerization  upon  the 
medium  is  the  resultant  of  a decrease  in  the  initial  polymeriza- 
tion rate,  by  the  water  and  a retardation  of  the  polymerization 
by  sorbed  oxygen.  The  effect  of  the  medium  depends  upon 
the  specific  surface  area  of  the  monomer-polymer  drops. 

In  polymerization  in  the  presence  of  N-alkylanilines  it  has 
been  found  that  the  polymerization  rate  decreases  with  increasing 
•size  of  the  alphatic  substituent  at  the  nitrogen  atom.  The  incorpora- 
tion of  bromine  in  the  para  position  of  aniline  slows  down  the 
polymerization,  whereas  a methyl  group  accelerates  it. 

The  rate  of  polymerization  is  expressed  by  the  equation: 

= /c(/Bz202/  : /dialkylaniline/o)^,  the  value  of  n approaching  0,35. 

The  over-all  activation  energy  has  been  foun  equal  to 
Ai.^kcaljmole  ior  all  dialkylanilines  accepting  N,N-dimethyl-p- 
toluidine  for  which. the  value  was  8,6  kcallmole. 
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Resume 

Une  nouvelle  methode  pour  1’ etude  de  polymerisation  en 
dispersion  est  decrite  dans  le  travail.  La  methode  est  bas6e 
sur  la  variation  de  la  densite  de  goutte  de  monomere  polymerise 
dans  la  colonne  de  solution  a gradient  constant  de  densite.  On 
etudiait  la  polymerisation  de  jo-chlorure  de  styrolene  amorcee 
par  le  systeme  peroxyde  de  benzoyle-dialcoylaniline  en  solution 
du  sel  de  cuisine. 

Par  la  methode  decrite  on  etudiat  I’influence  du  milieu  (solu- 
tion aqueuse)  sur  le  cours  du  processus  de  polymerisation. 

Le  deroulement  de  polymerisation  en  dispersion  depend  du 
milieu  de  fa?on  que  I’eau  augmente  la  vitesse  initiale  de  polyme- 
risation tandis  que  I’oxygene  absorbe  ralentit  la  polymerisation. 
L’influence  du  milieu  depend  de  la  surface  specifique  des  gouttes 
monomere-polym6ri  ques . 

Lors  de  polymerisation  en  presence  de  N-alcoylaniline  on  a 
trouve  que  la  vitesse  de  polymerisation  chute  au  fur  et  a mesure 
de  la  croissance  de  substituant  aliphatique  chez  I’azote.  L’introdu- 
ction  du  brome  dans  1 'aniline  (en  p-position)  ralentit  la  polyme- 
risation, I’introduction  du  groupe  methylique  I’accelere. 

La  vitesse  de  polymerisation  est  determinee  par  I’equation. 

i?p  = /c(/Bz202/:/dialcoylaniline/o)", 

la  valeur  n est  proche  de  0,35. 

On  a trouve  que  I’energie  d 'activation  est  egale  a 11,9 
kcaljmol  pour  tous  les  dialcoylanilines  sauf  N,N-dimethyl-/J-to- 
luidine  pour  laquelle  la  valeur  d'energie  d 'activation  est  trouvee 
8,6  kcallmol. 
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TEPMHHECKOE  CTAPEHHE  nOJIHXJIOPOHPEHA 

H*  KeccJiep^  B,  M anthi  cua^  II  qjhaHeu 

(HexocJioBaKHfl) 


CTapeHHH)  noJiHXJioponpena,  conpoBO>KAaH)ra;eMycfl  BUAeJie- 
HHeM  XJIOpHCTOrO  BOflOpO^a  H OJtHOBpeMeHHO  BHaHHTeJIbHOH  aA- 

copSAHeH  KiicjiopoAa,  yAejiHexcH  6ojibmoe  BKHManne  [1,2].  Me-- 
xaHH3M  pa^a  peaKAHH,  BHBtiBaioiAHX  cxapenHe,  ne  6hji  ao  chx 
nop  nojiHOCTBK)  BHHcneH.  I^ejib  nacTOHrAen  pa6oTH:  coctoht  b 6o- 
jiee  ToanoM  ^onncaHHH  HSMeneHHH  CTpyKxypH,  npoHCXOAHmHx: 
npH  CTapeHHH  nojiHMepa  h npoeepKe  xapaKxepa  oSpaayioiAHXCH' 
CBflseH  AJiH  HOJiyaeHHH  ochobh  aJih  AaJibHeHmero  HayaeHHH  Me- 
xaHH3Ma  3THX  peaKn;HH. 

BKcnepHMeHTajibHaa  aacTb 

ontiTOB  6hji  HcnojibsoBaH  CBHTnpeH  K,  npHroxoBJieHHHH 
3MyjibCHOHHOH  nojiHMepH3an;HeH  xjioponpena  npn  35°  b npHcyx- 
CTBHH  cepH  H KaHH$ojiH,  KBR  aMyjibraxopa, H AonoJiHHxejibHO  o6- 
paSoxaHHbiH  xexpaaxHJiTHypaMAHcyjib^HAOM.  Ilpenapax  , npH6jiH- 
3HxejibHO  cooTBexcxByex  aMepuKancKOMy  Heonpeny  GN.  IIojih- 
Mep  nepeocajKAaJiH  h3  6eH30JibHOro  pacxBopa  no  Mepe  HaAoSnocxH 
ox  OAHoro  AO  xpex  paa. 

CxapeHHe  nojiHMepa  HccjieAOBajin  npn  HopMajibHOH  h npH  no- 
BHHieHHOH  xeMnepaxype  (80 — 140°)  b npHcyxcxBUH  KHCJiopoAa  hjih 
aaoxa.  IIojiHMep  HccJieAOBaJiH  oSlihho  b bhao  njienKH  c mbkch- 
MaJibHOH  xoJini;HHOH  0,15  mm,  OnHcanne  MexoAHKH  BHCKosHMexpH- 
^ecKoro  H ocMOMexpHHecKoro  onpeAeJiemiH  MOJieKyjinpHHX  secoB 
H ^paKAHOHHpoBaHHH  [3],  H3MepeHHn  AH$4>paKn,HH  peHxreHOB- 
CKHX  JiyneH  [4]  n AOCxpyKAHH  noA  Aa^cxBHeM  yjibxpasByKa  [5]' 
npHBeAeHO  BAPyrnx  padoxax.  CneKTpti  norJiomeHHH  BHH^paKpac- 
HOH  o6jiacxH  nJienoK  h pacxBopoB  6hjih  nojiy^enH  na  cneKxpo- 
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Mexpe  lUeficca  UR-10.  B neKoxopHx  cjiynanx  CHMMajin  ji;H$(|)epeH- 
ij;HaJibHHe  cneKTpu  norjiomeHHH  nJienoK  cBencero  nojiHMepa  no 
OTHomeHHK)  K nJiGHKe  cocTapHBmerocH  nojiHMepa.  OTiii;enjTeHHe 
xjiopncToro  BOAopo^a  npoBOAHJin  b oco6hx,  noMeni;eHHHX  b xep- 
MOCTaxe,  cocyAax,  nepes  Koxopne  nponycKajin  raa  (bo3- 
Ayx,  O2,  N2).  BHAeJiHBmHHCH  xjiopncxBiH  BOflopoA  norjiom;ajiH 
b npOMBiBaJiKax  co  in;eJionBio  h ero  onpeAejiHJin  xnxpoBa- 
nneM. 


PeByjibxaTbi  HBMepennia 

3H(j[)(J)epeHii,HajiBHBie  KpnBBie  pacnpeAejiennH  no  MOJieKyjiap- 
hhm  BecaM  CBejnero  nojinxjioponpena,  o6pa3i];a,  cocxapnBme- 
rocH  npn  ahcbhom  CBexe  b npncyxcxBnn  BOSAyxa  npn  KOMnax- 
:hoh  xeMnepaxype,  n oSpaania,  noABeprmerocH  ncKyccxBenHO- 


dW/dM 


Phc.  1.  KpHBbie  pacnpeAejiGHiifl  no  MOJieKyjiHpiiuM 
BecaM  nojiHXJioponpena  cBejKero,  (i),  cocxapuBine- 
rocfl  Ha  BOSAyxe  (2),  iiarpeBaBmerocH  na  Boa^yxe 
2 naca  npn  80°  (.5) 


:My  cxapeHHK)  npn  80°  b xenenne  A^y^  nacoB  na  BoaAyxe,  npoA- 
cxaBJiGHBi  na  pnc.  1.  BH3KocxB.6eH30JiBHOro  pacxBopa  pacxBopnMon 
nacxH  nepBOH  (|)paKi];HH  oSpasAa  nocjie  AByxnacoBOro  narpeBa 
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oneHb  6hctpo  riaji,ajia  bo  bpomh  HSMepemiH  h nocjie  48  HacoB  6HJia 
HaMHoro  HHJKe  bhskocth  cjieAyiomHX  (|)paKi];HH.  IlaAeHHe  MOJie- 
KyjiapHoro  Beca  BTOpoH  $paKii;HH  nponcxoAHJio  Me^JienHee,  ho  Bce 
me  HaMHoro  SHCxpee,  ^eM  b cjiynae  Bcex  ocTajibHHX  ^paKipn, 


10  ZO  ■ 30  UO  . ' 

t , MUH  '■ 


Phc.  2.  flecTpyKi^HH  nojiuxjioponpeiia  nOA  AeHcfBMeM 
yjibTpaaByKa.  ((?)  — CBe>KHH  oGpaaen;,  He(|)paKii;HOHiipo- 
BaHHUH  (7,  2,  3,  4,  5) — cooTBeTCTByiomne  (j)paKii;HH  tiojih- 
Mepa,  iiarpeBaBnierocfl  2 'laca  npn  80°  Ha  Bos^yxe;  — 

BpeMH  AeHCTBHfl  yjiBTpaaByna,  t — BpeMH  HCTeHeiiiifi  mb 
BHCKOBHMeTpa 

KOTOpBie  HBMOHHJIH  CBOK)  BH3KOCTI>  B xe^GHHe  2 MeCHIl,eB  JIIIUIB  HO- 
3HaHiiTeJibiio. 

^aJiee  Shjih  HCCJieAOBaHti  HSMeneHHH  cneKxpoB  noraomeHUH 
B HH(J)paKpacHOH  o6jiacxii  nepeocajKAenHOro  nojiHMepa,  He  noABcp- 
raBiuerocK  $paKn,HOHHpoBaHHio,  HaHeceHHOro  b Biij\e  hjighkh  na 
HJiacxHHKy  6poMHcxoro  KajiHH,.  npH  HarpeBamiH  b xenenne  paa-. 
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jiH'iHHX  nepHOAOB  BpeMeHH  npH  80°.  KpoMe  BTOro  onpeAeJiflJiH  co- 
Aepacamie  rpynn  C=OBpacTBopaxpa3JiHTOHX$paKAHH  cocTapHB- 
merocH  noJinMepa. 

npoii;ecc  j];ecTpyKi];HH  nojj,  A^HCTEHeM  yjiBTpasByKa  CBejKero, 
He  iiojj;BepraBiiierocH  $paKii;HOHHpOBaHHK),  o6pa3n;a  (J)paKii;iiH 
oSpaana  nocjie  ero  cTapeHHH  b TeHenne  2 ^acbs  npn  80  noKaaan 
Ha  pHC.  2. 

OTmenjieHHe  xjiopHCTOro  BOAOpoAa  HCcneAOBaJiH  b npHcyx- 
CTBHH  B03Ayxa,  O2,  Na  npH  pa3JiHHH0H  TeMnepaxype  na  oopasAax, 
TPHHCAH  nepeocawAeHHHX.  KpoMe  xoro  naynajiH  BflHHHHe  cnocoOa 
npnroTOBJieHHH  o6pa3AOB  na  CKopocTb  BHAeJienHH  xjiopacToro 
BOAopoAa;  OKaaanocb,  hto  b OAHHaKOBHX  ycJiOBHHX  BHAeJienHe 
XHOpHCToro  BOAopoAa  npoxcKaeT  b hhcxom  KHCJiopoAe  MeAJienHee, 
HeM  Ha  B03Ayxe.  OxKaHHBaHHC  bSpaspa  hhh  ero  xpaHenne  b Ba- 
KvvMe  nepeA  narpeBaHneM  3HaHHxeJibHO  CHH5Kaex  CKopocxb  bh- 
AeneHEH  HCl  b aaoxe  h na  BOSAyxe  (pnc.  3).  CKopocxb  BHAeJiennH 
HCl  xaKjke  BHaHHxejibHO  aaMeAEHexca  bo  Bcex  ycHOBHHX  npo- 
BeABHEH  peaKAHH  npn  npeABapHxejibHOM  narpeBaHHH . oSpaapa  b 
pacxBope  B npHcyxcxBHH  aHHJinHa,  h axo  saMeAHenne  xeM  oojibine, 
HeM  AOHbine  npoBOAHXCfl  HarpeBanne.  ^ 

Ha  pHC.  4 npeACxaBJieHH  naoxepMH  KpHCxajiaH3aii;HH  oopaaitOB 

noJiHXJioponpena,  noABepraBHfflxcH  HarpeBaHHK)  B xeaeHHe  pas- 

jiHHHbix  nepHOAOB  BpeMOHH  npn  65  . . 

Koneanbie  cxenena  KpHCxaransapHn  h nojiynepnoAH  .(oxho- 
CHxejibHbie  3HaneHHa  no  oxHomennio  k CBeateMy  o6pa3ny)  npn- 
BeAenbi  b xa6jinn,e.  ' • ■ ■ , . . 


O0o3HaqeHHe  , 
oSpa'aixa 

OTHOCHTeabHbie 

•SHaHeHHH 

06o3HaqenHe 
oOpasua  • 

OTHOCHTejlbHUe 
• 3HaHeHHff 

t Vr 

^00,  o6.  % 

f V* 

^oo,  oO.  ■% 

CBewHH’  Kay^yK 

1 

1 

HaTypaJibHHH 

' ; ^ • 

* X ■ 

65°  C,'  1 

qac 

1,1 

0,84  . 

KaynyK 

' 4 

iiaca 

1,2 

0,72  . 

0,1% 

3,0% 

■'  '.5; 

1 ' 

15 

nac, 

1,4 

0,65  . 

0,2 

.2,52‘ 

/s’ 

' 0V94 

22 

naca 

1,5 

0,62 

0,35  . 

2,0  , 

12 

o’,  86  ■’ 

50 

nac. 

1,5 

.0,44 

0,4  . 

1,52  . 

17 

0,9r, 

o 

o 

P 

yac 

1,2 

0,61. 

0,5  . 

. 0,52 

27’ 

0,96* 

4 

naca 

1,3  . 

0,42 

0,7  . 

0,32 

35 

‘0;91 

15 

^ac. 

1,6 

0,33 

1,0 

,0,22 

80’ 

‘0,91^ 

22 

qaca 

1,8;, 

0,28 

113  . . 

0,12  , 

68,", 

p0\91; 

. . 100°  C,  42 

“qaca 

2,2 

• 0,11  ' 

, V A 'A 
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OScyHCffCHne  peayjibxaTOB 

riepBHM  BTanoM  onpe^ejiGHHa  MexannsMa  cxapeHiiii  nojiHXJio- 
ponpena  j];oji5kho  Slitb  BHAcneHne  CTpyKTypHux  HaMeneKHii  h 
anajiHB  BLi;^ejiHK)iii,HXCH  npo^^yKTOB.  CTpyKTypHue  HSMeHeHHH  b 
BHaniiTeJiBHOH  cxenenH  cBHsaHBi  c cocxaBOM  nojiHMepa.  Ha  ocho- 
BaHHH  npHBej^eHHBix  peayjiBxaxoB,  nojiy^enHBix  ^jih  nojiHMepa 
TOJiBKO  oflHoro  xHna,  moh^ho  bcg  bkb  cflejiaxB  neKoxopBie  saKjiio- 
HeHHH. 

Ha  ocHOBaHHH'KpHBBix  pacnpe^^ejiGHKH.  no  MOJieKyjiapHBiM  se- 
caM,  npeACxaBJieHHBix  na  pnc.  1,  bh^ho,  nxo  npn  cxapenwH  nojin- 
xjioponpena  na  Boa^yxe  npn  KOMHaxHOH  xeMnepaxype  h npn  no- 
BBimeHHOH  xeMnepaxype  co^i,ep>KaHHe  BBicoKOMOJieKyjiHpnBix  (j)paK- 
ii,HH  Boapacxaex.  06iii,an  flojin  nnsKOMOJieKyjiHpHBix  ^paKi^nn  npn 
axOM  ne  naMennexcn,  necMOxpH  na  to,  bto  yBejiHHHBaexcH  aojib 
6ojiee  HHSKOMOJieKyjinpHBix  npoji,yKxoB.  C Boapacxaion^eH  xcMne- 
paxypoii-  axo  yMenBrnenne  o;^HopoflHOCTH  chjibho  yBejiHBHBaexca 
(KpnBaa  J,  pnc.  1).  HoaxoMy  hcho,  hxo  npn  OKncjiennH  nojin- 
xjioponpena  nponcxoAnx  o/i,HOBpeMeHHO  n CTpyKTypiipoBanne  h 
coKpamenne  nojiHMepHHX  i^enen.  SnanHxejiBHHn  pocx  aojih  bbico- 
KOMOJieKyjinpHHX  (|)paKii,nH  npn  noBBunennon  xeMnepaxype  no- 
KasBiBaeT,  nxo  peaKninn  cxpyKxypnpoBaHHfl  b npon;ecce  cxapennH 
na  Boa^yxe  npeo6jiaji;aiOT  na/i;  peaKn;HHMH  AecxpyKi^HH. 

0 xapaKxepe  n cxenenn  cxpyKTypnpoBaHHH  mohcho  cyAnxB  no 
caMonpoHSBpjiBHOH  AecxpyKu,HH  pacxBopoB  nepBBix  AByx  ^paKpnn 
nojiHMepa,  narpeBaBmerocH  npn  80°,  no  ABcxpyKn,HH  noA 
CTBneM  yjiBTpasByKa  n no  KnnexHKe  npopecca  KpncxaJiJiHaa- 

AHH. 

To,,  nxo  CKopocxB  caMonponaBOUBHon  ABcxpyKAHn  pacxBopa 
nepBOH  H BxopoH  ^paKAHH  nojiHMepa,  noABepraBmerocn  cxapennio 
npn  nOBBimennoH  xeMnepaxype  na  BoaAyxe,  6ojiBnie  CKopocxH 
AecxpyKpnn  ocxajiBHBix  (|)paKi];HH,  CBHAexejiBCXByex  o xom,  nxo 
B peaKAHH  CTpyKxypiipoBaHHn  npnHHMaiox  ynacxne  xjiaBHBiM  o6- 
paaoM  CBH3H  6ojiee  cjiaSnie,  neM  cbh3b  C — C hot  C — 0.‘  YBejiH- 
^enne  CKopocxn  yjiBxpasByKOBon  AecxpyKpnH  .b  4,5  pasa  ajih  co- 
cxapHBmerocH  nojiiiMepa  noAXBepH^Aaex  axox  bbiboa.  HanSojiee 
BepoHTHBiM  HBJiHexcH  ynaCTHe  nepeKncnOH  cbh3h  — 0—0  — , anep- 
rim  KOTopoH  npnSjiHSHxejiBHO  b 2,5  pasa  MenBrae  anepran  cbh3h 
C — C HJiH  C — 0.  CoAepjKaHHe  nepeKncnon  cbhsh,  Beponxno,  ana- 
nnxejiBHO  npeBBiniaex  coAepjKanne.  Apyrnx  xnnoB  nonepennBix 
CBHsen,  o neM  CBHAexejiBCXByiox  peayjiBxaxBi  nayneiinH  AecxpyK- 
AHH  OTAejiBHBix  (J)paKn;HH  noA  AencxBHeM  yjiBxpasByKa.  OpaKAnn 
ox  2^  AO  4*  noABeprajiHCB  noA  AoncxBHeM  yA^xpasByKa  AOCxpyK- 
AHH  AO  onpeAejieHHOH  npeAejiBHoii  ajihhm  penn,  npnneM 
y nocjieAyioni,HX  ^paKAnii,  Ha^nnaH  c nflxon,  AocxpyKAnn 
y>Ke  ne  oxMenajiocB  (pnc.  2).  Ilpn  AocxpyKAHH  o6pa3i],a, 
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Phc.  3.  BjiHHHHe  BpeMGHH  SBaKynpoBaiiHa  aa 
'{cKOpocTb  OTmeriJieHHH  xJiopHCTOro  BOAOpoAa  na 
^ nosAyxenpn  80®;  f --  speMH  BBaKyiipoBaHiifi- 


A,% 


• . ' i ..>!'■«  t,  wacbr 

Phc.  4.  UsMeHenHe  aMop(J)HOH  aojih  xjioponpeiia  co 
BpeMeHCM  AJia  o6pa3AOB,  HarpeBaBinHxcfl  b xeqciine 

* ‘ pasjiHHHhix  nepHOAOB  BpeMe'HH  npii  65®  Ha  B03Ayxe. 

• ‘ aMOp(j)HaR  aojih;' i — BpeMH  KpHCTajijmsai^iH; 

y KpHBHx  noKasuBaioT  BpCMH  HarpcBaHHH  o6pa8^0B  B qacar 
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He  noflBepraBmerocH  (J)paKi];HOHHpoBaHHK),  BCJie^CTBHe  paapHBa  cbb- 
3eH  bSpasyioTCH  MOJieKyjiu  nojiHMepa  c toh  >Ke  npeAeJiBHOH  ^jikhou 
u^enH,  KaK  h b cJiynae  6ojiee  bhcokhx  (|)paKij.HH,  ho  bhskoctb 
noHHjKena  H3-3a  npHcyTcxBHH  MOJieKyji,  AJiHHa*  h^chh  KOTopLix 
HHHce  KpHTHHecKOM.  IlepBaH  (|)paKi];HH  nojiHMepa,.iHarpeBaBnierocH 
Ha,  B03flyxe  npn  80°,h  yjKe  b,  nanajie  OHHxa  HacTiiHHO  caMonpo- 
H3B0JILH0  no^BeprinerocH  A^cxpyKi^HH,  npoji;oji>Kaex  npexepne- 
BaxB  3XOX  npoD,ecc  no^  AencxBHeM  yjiBxpasByKa  ii  aoxoahx 
xoH  JKe  ^liJiHHBi  ii,eneH;  KaK  h He  paaflejieHHBin  iia  (j)paKn.HH  cbobkhu 
o6pa3ei]i.  9x0  3HaHHX,  hxo  paapBiBy  noABeprJiacB  6ojiee  cjiabBie 
CBH3H  k oSpasoBajiHCB  MOJieKyjiH  c XOH  me  ajihhoh  aghh,  KaKiic 
obpasyioxcH  b cjiynae  o6pa3H,a,  ne  pasAeiienHoro  na  $paKi;MH. 
IIpeAejibHaH  A^iHiia  n,enH  AOJi>KHa  SbiJia  6bi  xgm  bojiBHie  hphSjih- 
H^axBCH  K BejiHHHHe,  AOCXHrHyxoH  y (|)paKii;HH  2— 4,  hbm  Sojibhigo 
hhcjio  CBHsek  C — G h C — 0 npHHHMaex  ynacTHe  b cxpyKxypMpo- 

BaHHH. 

ripH  noMOiAH  cneKxpoB  norjiomeHHH  b HH(|)paKpacHOH  oSjiacxii 
6bijio  AOKasaHO  bhcokog  coAepjKanne  C=0  rpynn  b nepBofi  $paK- 
AMH.  B CBH3H  C XGM,  HXO  XapBKXep  OKHCJIHXeJIBHBIX  peaKII,HH  HB- 
jinexcH  paAHKajiBHHM,  hbao  nojiaraxB,  hxo  napajiJiejiBHO  coAep- 
>KaHHK)  C = 0 rpynn  HSMennexcH  h coAepjKaHHe  ocxajiBHBix 
rpynn,  coAepncan^nx  KHCJiopoA,  a 3HanHX  h coAepncaHHe  nepc- 
KHcek,  Hxo  HaxoAHXCH  B.corjiacHH  c BBime  npHBeAOHHBiMH  peayjiL- 
xaxaMH  HsyneHHH  AecxpyKn,HH  nOA  aghcxbhgm  yjiBxpa3ByKa.  IIpH 
iiayneHHH  cneKxpOB  norjioni,eHHH  b HH{j)paKpacHOH  o6jiacxH,  chhxbix 
B xeneHHe  cxapenna  nojinxiepa,  6bijio  HakAeno,  nxo  cnanajia  yMenL- 
maexcH  coAepjKaHHe  rpynnBi  OH  (3310  OAHOBpeMeinio 

HaHHHaex  yBejiHHHBaxBCH  coAep^Kanne  rpynnBi  C=0  • (1730— 
1800  Kap60KCHJIBHOH  H KapbOHHJIBHOk).  riOCJie  He3HaHHXeJIB- 

Horo  yBejinneHHH  C0Aep>KaHHH  axon  rpynnBi  mojkho  saMexiiTB 

noHHJKGHHe  coAepBKaHHfl  rpynn  CGI  (602—607  CCl  = CH  - 
(826  CR1R2  = CHRg  (3025  h CH2  (1315;  2840-GO 

H 2920 — 50  CM~^),  HsMeneHHH  coAepn^anHa  rpynnBi  C = CH2 
(910c^"^)npH  axOM  ycxanOBHXB  ne  yAajiocB,Hp  no  nojioce  3080 
.mo>kho  npeAnoJiaraxB,  nxo  coAepjKaHne  bhhhjibhbix  rpynn  yBC* 
jiHBHBaexcH.  Xoponio  bhaho  yBejiHaenne  coAepjKaHHH  conpaniei:- 
hbix  abohhbix  CBHsek  (1602  Hojioca  norjioipeHHH,  cooxbgt- 

cxEyioiaan  axHM  cbhshm,  pacniHpnexcfl  b cxopony  6oJiee  bbicokhx 
nacxox,  nxo  Morno  6bi  6bixb  CBnaano  c noHBjieHneM  rpynn  C = C 
H — CO  — C.  B 6ojiee  nosAHHx  ^aaax  chobb  ysejiMHHBaexcB 
ninpoKaH  nojioca  noTJiOEAeHHH  npn  3420  cooxBexcxByK)n;a;i 

rpynne  OH,  h Bospacxaex  nojioca  norjioni^eHHH  C — Ob  o6jiacxk 
1100  CM~^,  HajiHHHe  nepeKncen  nejiBBH  AOKaaaxB,  0 neM  ynoMH- 
Haex  H Ohjiba  [6]. 

0 xapaKxepe  cxpyKxypHBix  HSMeneHnn,  npoxeKaioxanx  npn 
cxapeHHH,MO>KHOcyAHXBH  no  H30xepMaM  KpHCxajiJiH3an;HH  (pnc.  4), 
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KOTopne  MOHmo  6tiJio  ajih  CBe>Kero  m cocTapHsmeroca  nojiH- 
Mepa  onacaTB  cooTHOinenHeM  AspaMH  [4].  IIpH  CTapennH  nojiH- , 
xjioponpeHa  ana^HTejiBHO  yMenbinaeTCH  KOHeaHaa  cxenenb  KpHC- 
TajiJiHaaAHH  (TaSawaa),  necMOTpa  na  to,  hto  cKopocTb  axoro 
npoii,ecca  HSMeHaexca  Jinnib  HesnaaHxejibHO.  OSpaxHaa  KapxHHa 
aaSjiioAaJiacb  b cayaae  iiaxypajibHoro  Kayayaa,  ByjiKaHHBOBaaHoro 
pasHHMH  ciioco6aMH.  Ha  cpaBHeHHa  c peayjibxaxaMH,  nojiyaea- 

HbiMH  npa  H3yHeHHH  KayayKa,ByjiKaHH30BaHHorocepoH,BbixeKaeT, 

axo  cxencHb  cTpyKTypapoBanaa  nojiHXJioponpeaa,  HarpeBaBmeroca 
42  aaca  ao  100°,  6ojibnje  cxeneaH  cxpyKxypHpoBaHHa  oOpaaaa 
HaxypajibHOro  Kayayaa,  coAepacaiAero  0,05%  cepH.  Ha  ocaOBa- 
Him  HaiiAOHHOH  aasHCHMOCxH  KoneaHOH  cxeneHH  KpHCxajniii3ai;im 
ox  BpeMeiiH  Harpesa  o6pa3H,a  ii  ox  xeMnepaxypbi  HarpeBaniia, 
MO>KHO  noKasaxb,  axo  o6iii,aa  BHepina  aKTHBai],HH  XHMiiaecKoii 
peaKAHM,  Bbi3biBaioii;eH  noHHHceHHe  KpHCxaMnsaAim,  npaKXM- 
aecKH  paBHa  (8,5  KKaJi-MOjih’'^)  aKXHBaAHH,  HaHAeHHoii 

npH  BHAejieHHH  xjiopncxoro  BOAopoAa  (9,5  KKaji‘MOJih~'^),  Hpii 
cxapeBim  npn  xeMnepaxype,  npeBbmiaioiAeH  (J)a30BbiH  nepexoA 
nepsoro  poAa,  BbiAeJieHHe  HCl  OKaabiBaex  pemaioiAee  bahh- 
ime  Ha  BejinaHny  aojih»  chocoShoh  KpHCxajiJiHSOBaxbCH  nocjie 
oxJian^AeHHH.  Hpii  BbiAejienHH  xjiopncxoro  BOAopoAa  oOpaayioTCfl 
CerMGHXbl,  HeCnOC06Hbie  KpHCXajIJIHSOBaXbCH,  ho  HG  CHHJKaiOHVHG 
nOABH>HHOCXH  H^GHH,  XaK  aXO  CKOpOCTb  HpOAGCCa  KpHCXaJIJIH3aAHM 
B CyiAHOCTH  HG  H3MGHHGTCH. 

HsyaGHHG  CKOpOCXH  BHAeJIGHHH  HCl  H BJIHHHMG  9BaKyHpO~ 
BaHHH  HOAXBGpAHJIO,  B COrJiaCHH  C paOoXOli  KySbMHHCKOrO  [7], 
BawHyio  pojib  CBoSoAHoro  n cBHsaHHoro  KHCJiopoAa  b 3TOh  pe- 
aKAHH.  CpaBHGHHG  CKOpOCXH  BblAOJIGHHH  HCl  A^IB  06pa3II,0B, 
XpaHHBHIHXCH  HB  B03AyXG  H B BBKyyMG,.  HOKaSblBaGX,  aXO  B OX- 
CyXCXBHG  KMCJIOpOAa  B 3HaaHXGJIbHOH  MGpG  HpOHBJIHIOTCfl  pG- 
aKAMH,  BGAyiAHG  K HOHHJKGHHK)  COAepjKaHHH  pGaKAHOHHOCHOCOG- 
Hbix  rpynn  b nojiHMGpo  h k o6pa30BaHHio  ycxonaHBHx  cbh3Gh. 
B npHcyxcTBHH  KHCJiopoAa,  naoGopoT^  yBGJiHaHBaGxcH  aHCJio  aght- 
pOB  HHHAHHpOBaHHH. 

OOHaHblG  HHrH6llTOpbI  paAMKaJIbHHX  pCaKAHH  (6gH30XHH0H, 
(iGROTnasHH  n T.  n.)  B 3HaaiixejJbH0H  McpG  xopMoanx  npOAOCC. 
OnbixH  no  HarpGBaHHK)  nojiHMGpa  c aHHJiHHOM  noKasHBaiox, 
axo  yaacTKH  c ajiJiHJibHOH  cxpyKxypoH  OKasHBaiox  pGinaioiAeo 
BJIHHHHG  npn  HHHAHHpOBaHHH  HpOAOCCa  OKHCJIGHHH. 

B raaooOpasHbix  npoAyKxax  AecxpyKAHH,  npoBOAHMOH  npn 
dojiGG  BbicoKHX  XGMHGpaxypax  B BaKyyMG,  ObiJio  AOKaaano  mgxo- 
* AOM  Macc-cneKxpoMGxpHaGCKoro  anajiHsa  najinanG:  HCl,  CS2, 
COS,  SO2,  aMHHOB  H BGni,6CTB  C MaCCaMH  ox  85  AO  105.  HGJIbBH 
HCKJIIOaHXb  HpHCyXCTBHH  KHCJIOpOACOAOpJKaiAHX  npOAyKTOB.  B 
npoAyKxax  pa3JioH<GHHH  OAHoro  xojibko  xGxpaaxHJixHypaMAHcyJib- 
(J)HAa  6hjio  o6HapyH<eHO  najinanG  CS2,  COS,  SO2  h aMHHOB. 
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B ripncyTCTBHH  axoro  coeAHHesHH  nejiLsrf  noaxoMy  nojiyHHTb  * HcT- 
Ae>KHHx  peayjibxaxoB  anajiHaa  npo^yKTOB. 

PeayjibxaTbi  ohlitob  noKasHBaioT,  hto  peaihi,iiii,.  iipoTeKaK3iii,He 
npn  CXapeHHH,  HHHH;HHpyK)TCH  OKHCJIHXeJIbHblMH  peaKI];HflMM,  CO- 
npoB05KAaioiii;HMHCH  oSpaaoBaHHeM  nepcKHCHbix  rpynn.  Ha  xoa 
axHx  peaKinHH  bjikhot,  xaKHM  oSpaaoM,  npHcyxcxBHe  KHCJiopo;^a  b 
J11060H  ^ase  npHroTOBJiGHHH  nojiHAiepa.  OTin,eiiJieime  nepeKucM 
BHSLiBaeT  peaKi],HH  c paaBHxoH  Bbip|0>KfleHHOH  n,enbK)  h aKcnoHen- 
!u;HaJibHBiH  pocT  TOCJia  pafljHKajiOB.  CxadHJibHbiMir  npoj^yKxaMH 
paaBHTHfl  u,enH  hbjihh)tch  rpyrinbi  C = 0,  G — OH  h C — 0, 
HO  H caMH  nepCKHCH  coxpaHHKDTCH  B nojiHMepe  B xeneHne  ;i;ojiroro 
BpeMOHib  nocjie  OKOHnaHHa  narpeBa.  BbiflejiCHiiio  HGl  npeAinecx- 
Byex  peaKi^HH  nepepanH  Me>K/i,y  MOJieKyjioii  nojiiiMepa  h jiio6biM 
pa^HKaJiOM.  Pa^HKaiji  ji;e^aex  C-Cl-CBH3b  axoMa  xjiopa  HeycxoHHH- 
BOH,  H nocjie  oxin,enjieHHH  xjiopHcxoro ' BOAopo^i,a  npoHCxoji,HX 
rrepejiaHa  pa^HKajia  c nocJiej^yioiii,HM  ocjia5jieHHeM  cbhsii  cjieffyio- 
o^ero  axoMa  xjiopa.  nopioSHLiH  MexaHHSM  npeAnojiaraex  Apjib- 
Mami  ]8]  nojiHBHHHJixjiopHj];a.  BbiAejiCHne  HGl  conpoBOH<- 
AaexcH  cxpyKxypHpoBanHfeM,  HAymHM  rjiaBnuM  66pa30M,  Hepea 
o6pa30BaHHe  nepeKHCH.  B cpeAe  KHCJiopoAa  BHAOJieHHe  HGl 
MO>Kex  xopM03HXbCH  peaKn.HeH  KHCJiopoAa  c paAHKajiaMri, 

Bojibmoe  BJiHHHHe  cxpyKxypbi  nojiHMepa  noKaamBaex,  hxo  ajih 
6ojiee  xoHHoro  BbiHcnetoH  oxAejibHbix  cxapennH  neoSxoAHMO 
HsyHHXb  npHBeAOHHbie  peaKij,iTH  pnAa  xhhob  xjioponpeHa, 

npnroxoBJieHHHx  6e3  KaKHx-jTH6o  AoSaBOk. 
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'CSumma'ry  ■ . -vr.':* 

.P  The  aging  of  - polychloroprehe  has'  been, normal 
and'  elevated  temperatures  in  aii*, . in  oxygen  and.  in  nitrogen. 
A ^.f^P^P^^'ison  of  the ^^molecular  weight  distribution  , ouryes.,  for 
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fresh .specimnes  .and  for  srecimens  aged  under  various.  condiUoii§ 
showed-  that.  qn  aging-  the  .polymer'de-homogenizes.  A-larj^e  inj 
crease  in.  the  high  rholecular  fractions  shoAvs  that  reactions  leading 
to  structuration  prevail  over  those  leading  to  degradation..  Struc- 
turation (at  least  in  the  beginning)  is  caused  mainly  by  peroxide 
bond's  to . which-  bear  witness  the  : sppntaneous  and  ultrasonic 
degradation  of  the  .first  fractions  of  the  aged  polymer.  This.. con- 
clusion has  also  received  support  in  n compadson  of  . the  .ultra- 
sonic degradation  of  unfractionated  fresh  and  aged  . polymer.  It 
can  be  seen  from  The  ipfra  red  spectra  that  on  aging  in  air  there 
is  an  increase  in  the  carboxyl,  aldehyde:,  CO,  and  DH  grdupxon- 
tentv  as  well,  as  in  the  number  of  conjugated  double  bonds.  The 
number  of  CC1==GH, , GH2:and.CRiR2==..CHR3 groups  diminishes. 
The  formation , of  con  jugate  double  bonds- was  alsoiound  to.  take 
place  during  crystallization.  The  ultimate  degree  of  ^crystaliiza- 
tion  greatly  fell  during  the  aging  process  (from  34  -to  0%),  the 
rate  of  crystallization  obeying  well  the  Aurali; eq.ua tipn  for  2 
change.d  only  to  an  insignificant  extent;.  On  the  basis  of  The  mea- 
surements ipade  .it  has  been  concluded  that  on  lowering 
the  crystallization  capacity  to  3.5%  the  . degree  of  structuration 
is  larger  Than  in  the  case  of  vulcanized  natural  rubber  with  a 
0,Q5%  sulfur  content.The  chemical  reactions  leading  to  loss  in 
crystallizability  proceed  with  an  activation  energy  8.5  Kcallmole 
which  approaches  the  value. for  the  energy  of  activation  of  hydro- 
gen chloride  evolution  (9,5  Kcallmole),  The  evolution  of  hydrogen 
chloride  is  initiated  by  oxidation  reactions  and  is  connected 
with  the  polymer  structure.  Products  of  the  decomposition  of 
tetraethylthiuram  disulfide  or  polysulfides  were  detected  in 
considerable  amounts  among  the  gaseous  aging  products. 


Resume 

On  etudiait  le  processus  de  vieillissement  du  polychloroprene 
aux  temperatures  normale  et  elevee  dans  Pair,  oxygene  et  azote. 
La  comparaison  des  courbes  d'e  distribution  des  poids  moleculai- 
res  pour  les  models  frais  et  vieillis  aux  conditions  diffeerntes 
montre  qu'au  cours  de  vieillisement  se  produit  la  dehomogeni- 
sation des  polymeres.  Une  grande  augmentation  des  fractions 
macromoleculaires  montre  que  les  reactions  aboutissant  a la 
structuration  se  manifestent  plus  nettement  que  les  reactions 
de  destruction.  La  structuration  est  conditionnee  (au  moins  au 
debut)  principalendent  par  des  liaisons  peroxydes  et  la  degradation 
arbitraire  et  ultrasonique  des  premieres  fractions  d'un  polymere 
vieilli  en  temoigne.  Gette  conclusion  est  aussi  confirmee  par  la 
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comparaison  de  vitesse  de  degradation  ultrasonique  des  polymeres 
frais  et  vieilli  nonfractionnes.  D’apres  les  spectres  infra-rouges 
oil  voit  que  dans  le  cas  de  vieillissement  en  Fair  s’accroit  le 
contenu  des  groupes  CO  et  OH,  carboxyliques  et  aldehydiques 
de  meme  que  nombre  de  doubles  liaisons  conjuguees.  Le  contenu 
des  groupes  CC1=CH  — , GH2  et  CR1R2  = CHR3  diminue.  La 
formation  de  doubles  liaisons  conjuguees  e ete  egalement  trouvee 
a la  cristallisation.  Durant  le  viellissement  le  degre  limite  de 
cristallisation  diminuait  sensiblement  (de  34%  a 0%),  et  avec 
cela  la  vitesse  de  cristallisation  quiestbieri,  decrite  par  Inequation 
Avraly  ou  [x  =2  ne  variait  qu’un  peu. 

En  se  basant  sur  les  resultats  des  mesures  on  a conclu  qu’au 
baissement  de  capacite  a cristallisation  jusqu^a,  3,5%  le 
degre  de  structuration  est  plus  grand  que  dans  le  cas  de  caoutchouc 
vulcanise  avec  5%  de  soufre.  Les  reactions  chimiques  menant 
au  baissement  de  Laptitude  de  cristallisation  se  deroulent  Tener- 
gie  generale  d ’activation  8,5  ccaljmol^^  qui  est  proche  de  I’ener- 
gie  d ’activation,  determinee  suivant  le  degagement  d’hydrogene 
chloreux  (9,5  ccallrnol'^),  *Le  degagement  d’hydrogene  chlo- 
reux  commence  aux  depend  des  reactions  d’oxydation  et  est 
lie  a la  structure  de  polymere.  A I’aide  d ’analyse  masse-spectro- 
metrique  on  a trouve  dans  des  produits  gazeux  de  vieillissement 
une  quantite  irnportante  de  produits  de  decomposition  de  tet- 
raetylthiuramdisulfide  ou  polysulfides. 
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HSyHEHHE 

PEAK^HOHHOfl  CnOCOBHOCTH  MAKPOPAflHKAJIOB 
METOAOM  ajIEKTPOHHOrO  nAPAMArHHTHOPO 
PE30HAHCA 

C.  JS.  E p ecJie  9»  H.  K aaO  euo  e,  E.  M,  C aMuncnuik 

(CCCP) 


^0  HacTOHmero  BpeMena  HccjieflOBaHne  peaKii;HOHHOH  cnoco&- 
HOCTH  paAHKaJIOB  npOBOAHJIH  B MOAeJILHHX  CHCTeiViaX  no  COOTHOrae- 
HHK)  BHxoAOB  pasjiOTHHx  npo^YKTOB  peaKiiiHH.  BecbMa  jKejiaTeJiB^ 
HO  6hjio  6h  npoBecTH  npaMHO  KHHeTHHecKne  nsMepeHHH. 

Panee  hbmh  Shjio  noKasa^o  [1,  2],  hto  npH  MexaHHHecKon.Ae- 
CTpyKAHH  noJiHMepoB  npH  TeMnepaxype  hhjkg  tohkh  cxeKJioBaHHH 
b peayjibTaxe  paaptiBa  noJiHMepHHx  Aeno^eK  oSpasyexca  SHann- 
xejiBHoe  KOJinnecTBo  MaKpopaAHKajioB,  Koxopoe  JiexKO  o6Hapy5KH-- 
BaexcH  MexoAOM  ajieKxpoHHoro  napaMarHHXHoro  pesonanca  (OIIP). 
PaAHKajiH  axH  b ycjioBHHx  BanyyMa  (10"® — 10“^^^)  coxpanHioxcH 
B Tenenne  mhoxhx  nacoB  n,  6yAy^H  pacnojioaceHHHMH  b6jih3h  ot 
noBepxHocTH,  JierKO  AocxynHH  aghcxbhk)  paajiHHHLix  XHMHnecKHX 
aroHxoB.  TaKHM  o6pa30M,  noAoSHue  chcxomh  hbjihioxch  BecbMa 
yAoSHHM  o6x.eKTOM  A-Jifl  H3yHeHnH  peaKAHOHHOH  cnoco6HOCXH  MaK- 
popaAHKaaoB, 

PaapyineHHe  npoBOAHJin  b hgcjiojkhom  MaHnnyaaTope,  no3BO- 
aaioiAeM  pa6oxaxB  b Banyyivie  h oxaaacAaxb  o6pa3n;H,  b cayaae 
HeoSxoAHMocxH,  AO  xeMnepaxypH  acHAKoro  aaoxa.  Ilocae  MexaHH- 
aecKoro  paspyinenna  (^pesepoBanna)  nojiHMepa  b CHCxeiviy  snycKa- 
aa  HSBecxHoe  KoanaecxBo  HCcaeAyeMoro  rasa  h Hsyaaan  KHnexH- 
Ky  .H3MeHeHHa  OIIP  cneaxpos  MaKpopaAHKaaoB.  noAo6HHM  o6- 
pasoM  HccaeAOBan  paA  noanMepoB  — noaHMexHaMexaKpHaax 
(HMMA),  noanaxHaen  (118),  noaHBHHHaan;exax  (IIBA)  h aP-  Mcxoa 
MexaHHaecKoro  paapyinenna  oKaaaaca  o6in,HM  mgxoaom  noayaeHHH 
pasanaHux  MaKpopaAHKaaoB  c necnapeHHLiM  aaeKxpoHOM  na  yrae- 
poAe,  KHcaopoAe  nan  cepe.  Mh  neayanan  hoaoShhm  o6pa30M 
MaKpopaAHKaaiii,  nanpHMep,  noaHMeTHaMexaKpHaaTa  c xapaKxep- 
HbiM  SnP-cneKxpoM,  nanAOHHLiM  xaKHce  npn  noaHMepnaaAHH 
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^MOHOMepa  HJiH  npnoSjiy^eHHH  nojiHMepa  Y-JiynaMH.  Hex  coMHeHHH 

CHg 

® TOM,  HTO  9TH  paAHKaJItl  HMOIOT  CTpyKXypy  — .CH2  — G • 

/ * GOOCHg 

npHBOAH  T:acTHii;Lr  nojiHMepa  b conpHKOCHOBeHHe  c tgm  hjih 
iHHHM  raaoM,  mm  naSjiioflaeM  iipoii;ecc  HCB;e3H0BeHnfl  ocHOBHoro 
•cneKTpa  IIMMA.  h HapacxaHHe  hobofo  xapaKxepHoro  cneKxp^a 
<(H^npHMep,  Korjt^a  Ha6jiH)AaeTCH  peanuiHH  npHcoeffHHeHHH  khcjio- 
pofla,  OKBCH  asoTa  iran  HOBoro  MOHoiiepa).  B cjiynae,  Kor^a  nadjiio- 
J^aeTCH  peaKpHH  nepeflaTO  aTOMa  Boflopofla,  npn  KOTopofl  o6pa3yeT- 
CH  BMecTO  MaKpopaflHKajia  HHSKOMOJieKyjiHpHHH  paAHKaji,  cneKTp 
HCHeaaeT  h eobhh  cneKTp  ne  o6pa3yeTCH,  Tak  KaK  HHSKOMOJieKy- 
jiflpHHe  paflHKajiH  cymecTByiox  oechb  He^ojiro,  BcjieAcxBHe  Hero 
Hx  cpegHHH  KOH^eHxpa^HH  HHHxojKHa  H MH  Hx  Honpocxy  He  oSna- 
pyjKHBaeM. 

IIpHMepoM  nepeAaHH  peaKpHOHHoro  penxpa  k HHSKOMoneKy- 
jiHpHOMy  arenxy  HBHHexCH  peaKHHH  paflHKajioB  IIMMA  c naonpo- 
nHJi6eH30Ji0M.  IIpH  KOMHaxHOH  xeMHepaxype  peaKi^na  npoxoflHx 
aa  HecKOJibKO  AecHXKOB  mnnyx  npn  flaBjieHHH  napoB  nsonpoHHJi- 
6eH30Jia  paBHOM  0,1  mm  h cKopocxb  ee  Majio  sbbhchx  ox  xeianepaxy- 
PH  B H3yHeHHOM  HHxepBajie  (px  20  ho  40°).  OxcyxcxBHe  bjihhhhh 
HH<J)4>y3HH  napoB  B nojiHMep  na  KHHexiiKy  HOKaaHBaexca  cxporo 
3KcnoHeHn;HajibHOH  saBHCHMOcxbio  KOHHHecxBa  MaKpopaflHKaaoB 
B CHCxeMe'  ox  BpeMeHH  (pac.  1). 

B cjiynae  peaKpHH  paflHKajiOB  IIMMA  c KHCJiopoAOM  naOjiio- 

HaJICfl  KaK  HH^^yaHOHHHH,  XaK  .H  HHCXO  KHHeXHHeCKHH  MeXaBHSM, 
B 3aBHCHMocxH  OX  xoro,  HpH  KaKOH  xoMHepaxype  coanaBaHHCb  pa- 
ksKajiH.  Ecjih  MexaHHHecKoe  paapyrnenne  IIMMA  npoBOAHjin  npa 
KOMHaxHOH  xeMHepaxype,  xo  MecxHtiH  neperpeB  npHBo^Hx,  ho-bh- 
^HMOMy,  K TOMy,  Hxo  HacxB  MaKpop'aflHKajiOB  ycneBaex  npoAH(|)(|)yH- 
;^HpOBaTB  B rjiySb  nojiHMepa  h cxanoBuxcH  cpaBHHxejiBHO  xpy^HO 
;^ocxynHOH.  Ecjih  tko  ^peaepoBaHHio  noABeprajiH  o6pa3n;bi,  oxjia- 
WAeHHBie  AO  — 100 — — 150°,  to  xaKan  AH(i)(j[)y3HH  hohth  ne  HMejia  Me- 
CTB.  H KiiHexHKa  peaKn;HH  c KHCJiopoAOM  npH6jiH>Kajiaci>  k 3Kcno- 
HGHi^HaJibHOH.  (noAo6Hoe  HBJieHHe  He  Ha6jiioAajioci>  npn  6ojiee 
MOA-JICHHOM  B3aHMOAeHCTBHH  G H30np0nHJl6eH30JI0M).  Ha  pHC.  2 
noKaaana  b nojiyjiorapn^MHHecKHx  KoopAHHaxax  KHHexHKa  yMeHL- 
ineHHH  KOJiHHecTBa  paAHKajioB  IIMMA  b o6ohx  cjiynanx  (KpnBHe 
1 H 2).  OAHOBpeMeHHo  c ocjia6jieHHeM  OIlP-cneKxpa  nepsHAnux 
paAHKajiOB  Hapacxaex  HHxeHCHBHocxb  cneKxpa,  xapaKxepHoro  ajth 
paAHKajioB  nepeKHCHoro  xnna  [3].  CKopocxB  npon;ecca  chjibho  3a- 
BHCHX  ox  xeMnepaxypu,  yBeJiHHHBaacb  c yMenbrnenneM  noGjiGAHeii 
{pHC;  2,  KpHBHe  H 2).  OSbHCHHeXCH  3X0,  OHOBHAHO,  XGM,  HTO  TOM- 
nepaxypHaa  aaBHCHMocxb  b a^hhom  cjiyaae  onpeAejinexcH,  b oc- 
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HOBHOM,  He  anepraen  aiKTHBai^HH  BsaHMOfliefeTBHa  MaKpopa^HKaaoB 
c KHCJiopoAOM  (KOTopaa  AOCTaxoHHO  Maaa),  a a6cop6D,HeH  KHcao- 
poaa  noJiHMepoM. 

OnHCHBaeMHe  aKcnepHMeHTH  a^iot  bo3mo>khoctb,  b npHHu;Hne, 
onpeAGJiHTb  KHHeTHaecKHe  KOHCTaHTH  (aHeprHK)  aKTHBaa,HH,  npe^- 
aKcnoHeHAHajiBHiiH  MHoa^HTeab),  peaKi];HOHHOcnoco6HOCTb  pa^H- 
KaJioB  no  oTHomeHHK)  k peaKn;HaM  oxpbiBa  BOAopoffa  h npHCoeAH- 
iieHHH,  ecjiH  HeaaBHCHMbiM  moxoaom  HSMepena  pacxBopHMOCxb  co- 
oTBexcTByioiAHX  areHTOB  b noaHMepe. 

igC 


* Phc.  1.  KHHGTHKa  peaKAHH  paAHKajioB  IlMMA 

H3onponHJi6eH30JioM. 

(0  _ KOJIH^eCTBO  paAHKaJIOB  B npOHBBOnBHblX  CflHHHaax) 

ripHMepoM  peaKAHH  npHCoeAHHenna  aBanexca  BaaHMOAencxBHe 
paAHKaaoB  IIMMA  c pasanaHLiMH  MOHonepaMH,  nanpuMep  co  cxh- 
poaoM  H a-MexnacxHpoaoM.  PeaKAHa  axa  npH  KOMnaxHOH  xeMnepa- 
xype  H AS^BaeHHH  napOB  MOHOMepa  oKoao  20  mm  haox  He.  ao  kohab^ 
H aBaaexcH  o6paTHMOHi  npH  hohhjkghhh  ABBaenna  b cHcxeMe  bhobb 
BOCCTaHaBJiHBaexcH  nepBOHaHajibHBm  cneKxp  paflUKajioB  IIMMA. 
KpoMe  xoro,  npa  RjiHxejibHOH  oxKaTOe  (nopaAKa  10  'lac.)  hojiho- 
cxbK)  HCiieaaex  h cneKxp  caMoro  IIMMA-pasHKajia.  8xh  (J)aKXbt  no- 
KaabiBaiox,  hxo  MaKpopaAHKajiH  npexepneBaiox  xeriAOByio  AecxpyK- 
AHH)  nyxeM  oxmenjienHH  mohomcphhx  caheha  c KOHAa.  PeaKAHH 
axa  HAex"npH  KOMHaxHofl  xennepaxype.  3xhm  o6xjHCHHexcH  h mho- 
ronacoBoe  BHAeJieHHe  MOHOMepa  h3  nacxHHeK  EMMA  b rnyOoKOM 
BaKyyiie.  KnHexHKa  HCHesHOBeHHH  MaKpopaAHKanoB  EMMA  b 
BaKyyMe  cooxBexcxsyex  MOHOMOJieKyjiHpHOMy  aaKony.  PcKOMCHHa- 
AHOHHHH  MexaHH3M  HCHesHOBeHHH  MaKpopaAHKajioB  B cpeAe  no- 
jiHMepa,  no  HamHM  Ha6jiK)AeHHflM,  oxcyxcxByex.  Exo6h  peKOM6HHa- 
AHH  npoH3oniJia,  Heo6xoAHMO,  hxoSh  y MaKpopaAHKajia  noABHSt- 
Hocxb  6bina  6h  AocxaxoHHO  BeJiHKa  n oh  mof  npoAH(|)$yHAHpoBaxb 
3a  He  cjiHHiKOM  6ojibnioe  BpeMH  na  A^ny  nopHAKa  pasMepoB  MaK- 
poMOJieKyHH,  X.  e.  na  10'®  cm.  B 6ojibinHHCXBe  cnynaeB  ahh  axoro 
xpe6yexcH  orpoMHoe  BpeMH. 
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/],JIH  HCCJiegOBaHHH  nOABH>KHOCTH  MaKpOMOJieKyjI  HeaaBHCHMHM 
MeTOAOM  MH  HBMepHJiH  nojiHH3onpeHa,  MenenHoro  Tpn- 

THeMj.  B.noJiHHSonpeHOBHH  Kay^yK  no  y6HJiH  aKXHBHOCTH  oSpasi^a 
no  Mepe  yraydnenna  paAnoaKTHBHHx  MOJieKyji.  npaMenenne  xpn- 
THH  npHji;aeT  Mexo^y  6ojiLniyK)  nyBcxBnxejibnocxL.  J^^jinHa^  na  ko- 
xopoH  noxoK  p-3JieKxpoHOB  xpnxHH  ocjiaSjiflexcH  b e pas,  cocxas- 
Jinex  AJiH  KaynyKa  0^9  [x.  CjieAOBaxejibHOj  yrjiy6jieHiie  MenenHX 


dpeMfi,MUH 

Phc.  2.  KmieTHKa  peaKi^HH  paAHKaJiOB  EMMA 

C KHCJIOpO;^OM 

i— MaKpopa^HKajiu  nojiyqeHM  npn  20°,  2 — MaKpopa;^HKa- 
jiM  nojiyqeHU  $pe3epOBaHHeM  oxjiawAeHHoro  nojiHMcpa  npa 
20°;  3 — TO  )Ke,  npH  — 50°  (C  — KOJiHnecTBo  paAHKajiOB 
B npOHSBOJIbHHX  eAHHHAax), 

MOJieKyji  na  0,1  (X  y>Ke  mojkox  6i)Ixb  nsMepeno;  xaniiM  o6pa30M 
nain  Mexo^  HSMepnex  An^^yanio  na  ajihhg  10“^  cm.  OKaaajiocb, 
nxo  npHmjiocL  AecxpyKxnpoBaxB  MenenHH  nojinnsonpen  ao  mojig- 
Kyjiapnoro  Beca  30000,  nxo6ij  BpeMH  AH(|)(J)y3HH  cAeJiaxb  nopaAKa 
1 cyxoK  npn  100°,  axo  A^ex  axoro  cjiyaaa  nopaAOK  BeanannH 
K03(|)(|)Hii;HeHxa  AH$(|)y3HHZ)  10“^^  CM^jcen,  CaeAOBaxejibno,  Aa>Ke 
B ajiacxnaecKOM  noaniviepe  AH(|)<J)y3Ha  ManpopaAiiKaaoB  na  aJihsh 
nopaAKa  pasMepoB  MaKpoMoaeKyati  HeBepoaxna  n rH6eab  MaKpo- 
paAHKaaoB  Aoaa^na  nponcxoAHXb  BcerAa  nyxeM  nepenoca  necna- 
pennoro  sjieKxpona  na  KaKyio-anSo  HHaKOMOjieKyaapnyio  npnMecb, 
cnoco6Hyio  AH$(j[)yHAHpOBaxb  n peKOM6iiHnpOBaxb  c Apyron  3Jie- 
MeHxapnoH  aacxHn;eH. 
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Summary 

The  formation  of  macroradicals  in  the  mechanical  degradation 
of  polymers  gives  the  means  for  the  direct  kinetic  determination 
of  macroradical  reactivity  (reaction  of  the  macroradicals  with 
each  other  and  with  various  low  molecular  substances).  The  free 
radical  concentration  was  determined  by  means  of  ER  spectro- 
scopy. With  the  aid  of  this  method  a study  was  made  of  the  charac- 
teristic reactions  such  as  recombination,  removal  of  a hydrogen 
atom,  addition,  etc. 

For  some  polymerization  reactions  brought  about  by  the  action 
of  catalysts  of  the  type  of  alkaline  metals  an  alternative  radical 
type  mechanism  has  been  postulated  (Overberger  reaction  — 
polymerization  of  methylacrylonitrile  by  lithium  in  liquid  ammo- 
nia). In  such  systems  macroradicals^may  be  directly  detected  by 
the  radiospectroscopic  method. 

A study  of  the  polymerization  of  pure  monomers  at  high  degrees 
of  conversion  showed  that  macroradicals  attaining  a high  mole- 
cular weight  become  stabilized,  growing  very  slowly.  This  per- 
mits one  to  accumulate  large  numbers  of  them  in  the  polymeriza- 
tion medium.  The  polymerization  kinetics  in  such  viscous  systems 
are  found  to  be  much  more  complicated  than  in  the  initial  stages 
of  the  process,  when  this  condition  is  not  significant. 

A variety  of  reactions  of  the  macroradicals  in  the  viscous  me- 
dium is  observed  on  thermal  degradation  of  polymers  in  the  ab- 
sence of  oxygen.  They  may  be  described  and  interpreted  on  the 
basis  of  the  more  fundamental  knowledge  obtained  in  studies  of 
the  properties  of  macroradicals  in  the  process  of  polymerization. 


Resume 

La  formation  des  macroradicaux  par  suite  de  destruction  me- 
canique  des  polymeres  donne  la  possibilite  de  Tetude  cinetique 
directe  de  la  reactivite  des  macroradicaux  (reaction  des  macro- 
radicaux entre  eux-memes  et  avec  diverses  substances  a bas  poids 

9 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


moleculaire).  La  concentrationi  des  radicaux  libres  etait  determi- 
nee  a I’aide  d EPM-spectroscopie.  Par  cette  m^thode  ont  dte  dtu- 
diee  les  reactions  typiques  de  recombinaison,  d’dlimination  de 
Fatome  d’hydrogtoe,  d’addition  etc. 

Pour  quelques  reactions  de  polymerisation  sous  Paction  des 
catalyseurs  du  type  des  metaux  alcalins  a ete  postule  un  mecanis- 
me  alternatif  du  type  radicalique  (reaction  Overberger  — poly- 
merisation du  methacrylonitrile  sous  Peffet  du  lithium  dans  I’am- 
moniac  liquids).  Les  macroradicaux  dans  ces  syst^ines  peuvent- 
etre  reveles  par  methode  radiospectroscopique  directs. 

L’etude.de  la  polymerisation  des  monomeres  purs  lors  des  con- 
versions profondes.montre  que  les  macroradicaux  gagnant  un  haut 
poids  moleculaire  se  stabilisent  et  croissent  tres  lentement.  Ce 
fait  permet  d’accumuler  en  milieu  polymerise  des  concentrations 
considerables  des  macroradicaux.  La  cinetique  de  polymerisation 
dans  les  systemes.visqueux  pareils  devient  beaucoup  plus  complexe 
qu’aux  stades  initiaux  du  processus  lorsque  cette  circonstance 
n’est  pas  essentielle., 

De  diverses  reactions  des  macroradicaux  en  milieu  visqueux 
sont  observes  pendant  la  destruction  thermique  des  polyrneres  en 
I’absence  d’oxygene.  Ces  reactions  peuvent-etre  comprises  et  dec- 
rites  sur  la  base  des  donndes  plus  eiementaires  qui  ont  ete  obte- 
nues  par  suite  de  I’etude  des  proprietes  des  macroradicaux  au 
cours  de  polymerisation. 
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HHrHBHPOBAHHE  ^OJIHMEPH3A^HH 
APOMATHHECKHMH  COEAHHEHHflMH 

X.  C.  E a z d a c a p ^ Mil,  3.  A.  Cunmpuua 

(CCCP) 


MfirnGnpyioiii^ee  AencTBHe  neKOToptix  KJiaccoB  apoMaxuHecKHX 
coeflHHeHHH  Ha  BHHHJibHyio  noJiHMepH3an;Hio  6hjio  oGiieKTOM  mho- 
THx  HccJieAOBaHHH  [1 — 7].  OAHaKo  HMeexcfl  MaJio  cHcxeiviaxHHecKHx 
KOJIHHeCXBeHHbIX  AaHHHX,  KOXOpLie  nOSBOJIHJIH  6bI  npOCJieAHXb 
BJiHHHHe  cxpyKxypHbix  (|)aKxopoB  Ha  KOHCxaHxy  CKopocxn  BsanMo- 
AenCXBHH  paSJIHHHblX  nOJIHMepHbIX  paAHKaJIOB  C paSJIHHHHMH  HH- 

rH6HxopaMH  apoMaxHHecKoro  pHA^- 

HaMH  6hjio  HCCJieAOBaHo  HHrnSnpyion^ee  AencxBHe  neKoxopHX 
KJiaccoB  apo]\iaxHHecKHx  coeAHHennH  na  noJiHMepH3an,Hio  MexiiJi- 
aKpHJiaxa  [8],  BHHHJiaAexaxa  [9],  aKpnjioHHxpnJia  [10]  h Mexnji*- 
MoxaKpHJiaxa. 

B HacxoHmeH  cxaxbe  paccMoxpeiibi  neKoxopbie  oSiAHe  BtiBOAbi 
H3  3XHX  HCCJieAOBaHHH. 

CKopocxb  noJiHMepH3ai];HH  onpeAejiaJiH  AHJiaxoMexpHnecKHM 
MeXOAOM  npH  50°,  HHHAHaXOpOM  CJiyjKHJI  AHHHXpHJI  a30H30MaCJIH- 
HOH  KHCJIOXbl.  Bee  OHblXbl  SblJIH  npOBGAeKbl  B OXCyXCXBHe  B03Ayxa 
H npn  MajioH  cxenenn  npeBpameHHH.  CpeAHioK)  cxeneHb  noJiHMe- 
pHBaAHH  BilHHCJiaJin  H3  XapaKXepHCXHHeCKOH  BH3KOCXH  o6pa30- 
BaBHiHXCH  noJiHMepoB.  KoHAGHxpaAHH  HHrH6HxopoB  He  npeBtimajia 
0y2  MOAb/yi,  a B 6oJibniHHCxBe  cjiyaaeB  6MJia  anaanxeabHo  MeHbme 
3X0H  BeJIHHHHLI.  MeXPIJiaKpiIJiaX  npHMGHHJIH  B CMeCH  C 3XHJiaH;exa- 
xoM  (KOHAenxpaAHH  MexHJiaKpnjiaxa  5,5  MOAb/A),  aKpHJiOHHxpnji  — 
B pacxBope  B AHMexHJi^opMaMHAe  (KOHH,eHxpau;HH  aKpnjioHHxpHJia 
3,05  MOAb/ a). 

B OXCyXCXBHe  HHrn6HXOpOB  CKOpOCXb  nOJIHMepH3aH,HH  Bcex 
MOHOMepoB  GbiJia  exporo  nponopAHonajibHa  KBaApaxHOMy  Kopnio 
H3  KOHAGHXpaAHH  HHHAHaXOpa.. 

BejinqHny  rAe  kx  — KOHCxanxa  ’ CKopocxH  peaKAHH 
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nojiHMepHoro  paAHKajia  c MOJienyjioH  HHraSHTopa;  /fp  — KOncTaH- 
Ta  pocTa  menH,  onpeAejiflnn  H3  ypaBHenHH  [11,  12]: 


P 


■^0 


M [ n X 


(1) 


TAe  A^o  H ' KOHCTaHTH  CKopocTH  oSpHBa  H HepeAaHH  ixBJm  ^e- 

pea  MOHOMep;  v — CKopocTb  nojiHMepHsaAHii;  M — KOHAeHTpaAHH 
MOHOMepa,  X — KOHAeHTpaAHa  HHrH6HTopa;  X — aojih  peaKAHn 
AHcnponopAHOHHpOBaHHH  npH  BaanMOAencTBHH  nojiHMepHHx  pa- 
AHKaJiOB  MBJKAy  co6oh;  p — K03$(|)Hri;HeHT,  BeJiHanna  KOTOporo 
onpeAeJiaeTCH  MexanaaMOM  peaKAHH  HHrH6HpoBaHHa.  Ecan  peaK- 
AHH  perenepaAHH  (penHHAHHpoBaHiia)  ii;enH  OTcyxcTByeT,  to  P 
aaKaioaeno  Me>KAy  1 h 2 [12]. 

CyMMa  nepBHx  AByx  aaenoB  b npaBoii  aacTH  ypaBHeana  (1) 
paBHa  oSpaxHOH  BeaHaane  cxenena  noaHMepnaauiHH  P'  b oxcyx- 
cxBHe  HHraGHxopa  h npn  tom  >Ke  anaaemm  v/m^,  KaK  a b onbixe 
B npHcyxcxBHH  HHrH6Hxopa.  TaKHM  oGpaaoM, 


(L 

\P  P’Jv/M> 


X 


(2) 


BeaiiaHHa  P'  naxoAHXca  aa  aasHCHMOCXH  1/P  ox  2;/A/^  AJi>i  neHHra- 
GnpOBaHHoii  noaHMepH3aii;HH.  TaKHe  i^piiBbie  a-^^  50°  Otiaii  noay- 
aeHH  paHbiae  a^ih  MexnaMexaKpHaaxa  [11],  MexHaaKpnaaxa  [8, 
13],  BHHnaaAexaxa  [9]  a aKpnaoHHxpHaa  [10],  ypaBHeane  (2) 

k 

noaBoaaex  onpeAeaaxb  B npuBeAOHHHx  xaGaHAax  yKaaanLT 

anaaemia  A-^^  ‘ BbraHcaeana  Koxopux  iicnoabaoBaHH  caeAyio- 
miie  anaaenaa  Ap  npa  50°:  BHHHaai3,exax  1590^,  MexiiaaKpaaaT 
1000^,  aKpaaonaxpaa  1000^  jilMOJih'  cen.  Bo  Bcex  cayaaax  apa- 
aaxo,  axo  P = 2,  axo  cooxBexcxByex  oGpaaoBaaaio  A^yx  noaaMep- 
Hbix  Moaeaya  b peayabxaxe  nepBaanoro  BaaaMOAeHCXBaa  noaaMep- 
Horo  paAHKaaa  c MoaeayaoH  anraSaxopa. 

B xa6a.  1 npaBeAeabi  aiiaaenaa  aoHCxanx  kx  AJia  peaaa^aa  no- 
aaMepHLix  paAaaaaoB  c apoMaxHaecaaMH  yraeBOAopoAaMH  (BA, 
MA,  AH  — noaaMepHLie  paAaaaaH,  cooxBexcxBeHHO,  BaaaaaAe- 
xaxa,  Moxaaaapaaaxa  a aapaaoaaxpaaa). 

XaaaaM  axax  peaaii;aH,  ao-BaAHMOMy,  aaaaioaaexca  b npaco- 
GAanenaa  noanMepaoro  paAaaaaa  a Moaeayae  yraeaoAopoAa  no 
o6ni,eH  cxene: 

R 


R + 


<z>- 


H 


^^z>- 


1 Bu^iHcaeHO  H3  BupajaennH  ^p»  npHBeAeHHtix  b [14]. 

2 Bw^HcacHO  03  aaHHBix  [15]  H [10]. 
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'r  a 6 H i;  a 1 

KoHCTairra  iiOKOTopbix  yi  JieuoAopoAOB  npn  50° 


y^JTeBo;^opo^^tI 

BA 

{ {jlfMOM 

R paaiiKajio 

MA 

>-ceK) 

B 

AH  1 

CpOflCTBO 
K MeTHJIb- 
HOMy 
pajtnHajiy 

Benaoji 

1 

ToJiyoji ' 

2,1 

— 

— 

— 

Kchjioji 

2,6 

— , 

— • 

— 



4,6 

<0,2 

— 

5 

Ha(J)TaJiHH  . . ...  , . 

,25,5 

<0,2 

22 

OenaHTpen  

98 

2,6 

— 

27 

AjiTpaaen . 

36000 

100 

1800 

820 

c o6pa30BaHHeM  MajiopeaKu;HOHHOcnoco6HBix  paAHKajioB  neiiTaAMe- 
HMJiBHoro  THna.  B HacTOHrn;ee  BpeMH  HMeiOTca  ontiTHtie  flaHHLie 
(16,  17],  H3  KOTopfcix  HenocpeACTBeHHO  BHTeKaeT,  axo  aKXHBHLie 
paaHKajiH,  HanpHMep,  ^eHHJiLHtie,  Aa>Ke  c 6eH3o:iiOM  ropa3ji;o  oxot- 
Hee  BcxynaiOT  b peaKii,HH)  npHCoeji,HHeHHH,  aeM  b peaKii,Hio  oxiaen- 
JiGHHH  axoMa  BOAopoAa  ox  KOJibi];a.  B cjiyaae  xojiyojia  h KCHJioJia 
B03M0>KHa  xaK?Ke  peaKi],Ha  oxpBiBa  MexHJiBHoro  axoMa  BOAOpo^a* 


Phc.  1.  PeaKu,HOHHOcnoco6HOCTb  apoMaTHHeCKiix  yrjie- 
uoAOpo^OB  no  OTHOmenmo  k MeinjitnoMy  h nojin- 
BiiHHJiaii,eTaTHOMy  pa^HKaJiaM. 

1 — AH$eHnji;  2 — Ha(|)TajiHH;  ■ 3 — (JenaHTpeH;  4 — aHTpanee* 
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KaK  BH^HO  HB  TaSjI.  1,  BGJIHTOHa  kx  AJIH  IIOJIHBIIHIIJiai^GTai - 
Horo  pa^HKaJiana  ^Ba  nopnflKa  BejinnuH  6ojibine,  neu  ffJiH  noJiHMe- 
THJiaKpHJiaTHoro  paAHKajia.  kx  HsivieHneTCH  CHM6aTHO  c BejiHHHHoii 
cpoACTBa  K MexHJibHOMy  paAHKaJiy  no  ElBapAy  [18],  npnneM  cyiAe- 
CTByex  jiiiHeMHan  saBUCHMOCTB  MejKAy  Ig  kx  n Ig  (MeTHJiBHoro  cpoA- 
CTBa)  (pnc.  1)  [19]. 

Ta6JiHn;a  2 


KoiiCTaHTa  ajih  aaivteEneHHbix  6eH3oaa  npH  50° 


Moiienyjia 

Bcjih 

kyJ,Jl/M 

BA 

qnHa 

OAb  \CeK) 

MA 

CpOACTBO 

K MeTIIJIb- 
HOM'y 

■ paAHKaay 

BenaoJi 

1 

ToJiyoJi  

. 2,1 

. 

3,6 

Bp0M6eH30Ji 

3,3 

' — 

— 

BpoMTOJiyoji  ..... 

3,6 

- — 

— : 

TOJiyHJlOHHXpHJl  .... 

•6,7 

• — 

— 

BeHSOHiirpuji  ..... 

7,1. 

<0,1 

12,2.  , 

AaeTO^eHOH 

16 

<0,25 

— 

0eHOji 

21 

<0,2 

— 

An^eHHJiaMHH 

24 

— 

— 

Ahhjihh 

26  . , 

<0,1 

— , 

BeH30$eHOH  ....... 

50 

<0,15 

— 

BeH30HJIXJIOpHA  . ’.  . , 

64 

,<0,15 

. — 

HHTpo6eH30JI  . . . . . 

19000 

4,6 

— 

B xaGji.  2 iipHBeAeHH  BHaMennH  Koncxanx  kx  AJih  paBJinnHux 
ripoHBBOAHBix  .6eH30Jia. 

Ta6ji.  2 noBBOJinex  cAeJiaxn  cjieAyioni,He  bhboah.  Kan  oJieKxpo- 
HOAOHopHLie,  xaK  H ajieKxpoHoaKAenxopHHe  saMecxnxeJiH  yBeJin- 
nnsaiox  peaKii;HOHHOcnoco6Hocxb  (J)eHHJibHoro  KOJibAa.  HcKJiionH- 
xejibHoe  noJiGHcenne  aannMaex  HHxpoSenaoji,  aji^  Koxoporo 
KOHCxaHxa  kx  na  3 — 4 nopHAKa  BejinnnH  6oJibin:e,  hgm  aji^  Apyrnx 
npoHBBOAHbix  6eH30Jia.  9xo  A^ex  ocHOBanne  nojiaraxb,  nxo  HHxpo- 
6eH30Ji  pearnpyex  c paAHKajiaMH  no  Mecxy  HHxporpynnH,  xorAa  Kan 
Apyrne  nponsBOAHHe  6eH30Jia  npHCoeAnnaiox  paAnKajiH  k (J)eHHJib- 
HOMy  KOJibAy,  npnneM  BaMecxnxeJib  b kojibao  oKaBHsaex  cpaBHH- 
xeJibHO  cJia6oe  Bjinnime.  HHxepecno,  nxo  ^enoji  h aMHHH  pearn- 
pyiox  MGAJiGHHee, , neM  6eH30(|)eH0H  H‘6eH30HJixJiGpHA.  Mojkho  cao- 
jiaxb  BBiBOA,  n^TO  rnApoKCiiJibHbin  n aMHHHHH  BOAopoA  ne  npann- 
Maiox  nenocpeACXBeHHO  ynacxnn  b peaKAnn  c noJiHMepHHMH  paAM- 
KajiaMB. 
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Ta6jiima  3 

KoHCTaHTM  fljiH  HHTpocoeAHHeHnii  npn  50° 


Mojienyjia 

BejiHqiina 

cen)  RjiH  pa;^IIKaJlOB 

KoHcxaHTa 
PaMMexa , 

BA 

MA 

a 

re-HHTpOaHHJIHH 

8500 

2,67 

— 0,66 

7l-HHTpO(|)eHOJI  . 

15500 

4,26 

—0,36 

n-HHTpOTOJiyOJI  . . ...  . . i 

18600 

4,86 

—0,17  . 

.H-HHXpOaHHJlHH .1 

— 

4,21 

—0,16 

.w-HHxpoTOJiyoJi ' 

— 

4,12 

—0,07 

.M-HHxpo$eHoa  

— 

5,62 

-0,002 

HHxpo6eH30Ji 

19300 

.4,64 

0 

jH‘HHTpoaHH36n  . . . . . . . 

— 

7,27 

0,115 

re-HHxpo6eH30HHafl  KHCJioxa  . . 

.43000 

10,7 

0,265 

jVi-flHHHXpo6eH30JI 

113000 

30,9 

0,71 

nrAHHHTpo6eH30JI 

116000 

— 

0,778 

TpHHnxpo6eH30Ji 

760000 

‘204,0 

1,42 

B Ta6ji.  3 npHBGAeHH  snaBeHEa  KOHcxaHT  kx  ajih  paA^napa- 
H Mexa-saMemeHHHX  HETpo6eH30Jia. 

Kan  bhaho  H3  xaSji.  3,  BejiHEHna  /cx  a-Jib  HExpocoeAHHeHEHsa- 
BHCHT  OT  saMecxExeJia,  BBeAennoro  b MOJieKyjiy  HExpo6eH30Jia. 
BJiEHHEe  3aMecxHxejieH  noABEHaexca  npaBHJiy  FaMMexa  (pEc,  2, 

CM.  xaKBce  [8]),  npHacM  ajien- 
xpoHoaKAenxopHLie  3aMecTBTejiH 
yBeJiHHEBaiox  kx*  noAHEneHEe 
3XEX  peaKE^EM  npaBEJiy  FaMMexa 
HenocpeACTBeHHo  yKasuBaex  na 
BsaEMOAGECXBEe  nojiEMepHLix  pa- 
AEKHJIOB  C SoKOBOH  AGEBIO,  X.  e. 
c HExporpynnoE.  Bojiee  noApoS- 
Hfcie  ECCJieAOBaHHE  noKaaajiE  [8, 
9J,  EXO  KaH^ABH  MOJieKyJia  HEXpO- 
coeAiiHeHEH  oSpuBaeT  pocx  A^yx 
peaKAEOHHBix  Aeneii,  npEEGM 
KajKAaa  peaKAEOHnaa  ageb  npE- 

boahx  k o6pa30BaHEH)  oahoe  no- 
Phc.  2.  SaBHCHMocTB  Ig  ^x^^p  AEMepHOE  MoaeKyjiH,  x.  e.  P = 2. 

KOHCxaHT  FaMMexa  npn  nojiHMepH-  ^ bxeme  a^hhhme  corJiacyioxca 
aaAHH  BHHHJiaAexaTa.  CJiGAyion^EG  peaKAHE: 
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w CH,-CH  + CH=CH  + 

I o-^  i ho/ 

R • R 

H jia;iee 

vsAA  CH2~CH  H- 


PeaKii;Hfl  npHCoeji;HHeHHH  nojiHMepHoro  pa?i,HKajia  k imTporpynne 
[20]  MGHee  BepoHTHa.  HsBecTHO,  ^to  peaKa;HOHHocnoco6Hi*iH  ^e- 
HHJiBHHH  paAHKaJi  HB  pearHpyBT  c HHxporpynnoH  aponaTHHecKHx 
HHxpocoeAHHeHHH,  a npHcoeAHHHexcH  k KOJibii;y.  PeaKii;HH  (1)  h 
(2)  npoxenaiox  jierKO  BCJieACXBHe  6ojiBmoH  hoj^bhjkhocth  axona  bo- 
.fliopo/^a  B nojiHMepHHX  pa^nKaJiax.  PeaKn;HH  nepe^a^n  ii;enH  nepes 
jviOJieKyjiH  MOHOMepa,  no-BHAHMOMy,  npoxeKaiox  xaKHM  >Ke  nyxeM 

113]. 

B xa6ji.  4 conocxaBJieHBi  KOHCxanxBi  kx  flJiH  npe^cxaBHxejieii 
'XpeX  KJiaCCOB  THHU^HBIX  HHrH6HTOpOB. 


T a 6 Ji  II  a a 4 

KoHcxaHTw  paajiH'JHWx  pa^nKajiOB 


HephOiitop 

BejiEMiJHa 

kx  {Ji/MOJib‘ceK)  ja;jia  nonHMepHbix 
pajiHKajiOB 

BA 

MA 

AH 

MM  2 

BeH30XHH0H  

■ 810 » 

1300 

22001 

AHTpaAGH 

36000 

100 

1800 

0 

wIt-J![HHHTpo6jI30JI  .... 

113000 

31 

0 

21 

* Sna^eEKH  EOHCTanx  hjih  44°;  nepecmiTaHti  ns  Kaiica  [5,6],  cmixaE,  mto 


K V — 400. 

» MM  — noJiHMexHjiMexaKpimaxHHil  paAHKaji. 


B xa6ji.  4 nojiHMepHBie  pa^HKajiBi  noMen],eHBi  b nopaAKe  ySbi- 
BaHHH  Hx  «o6in,eH»  peaKn;HOHHOcnoco6HOcxH.  IIpii  oxcyxcTBim  no- 
JiapHoro  9(|)(J)eKxa  KOHCxanxBi  kx  aoji^khh  y6BiBaTB  b btom  nopHAKe 
AJih  Bcex  MOJieKyji.  IIoJiHpHBin  b^^^bkx  BBiSBiBaex  oxKJiOHeHHfi  ox 
yKasaHHOii  saKOHOMepHOCTH.  TaK,  c 3JieKxpoHoaKrj;enxopHOH  MOjie- 
KyjiOH  6eH30XHH0Ha  c iiaii6oJiBnieH  CKopocxBio  pearnpyex  noJiiiMe- 
THJiMexaKpHJiaxHHH  paAHKaji,  o6jiaAaK)iAHH  HaHMeHBmeH  sJieKxpo- 
HoaKAenxopHOH  cnoco6HocxBio  b yKasannoM  pnAy. 

C ApyrOH  cxopoHbi,  AHHHTpo6eH30Ji  He  pearapyex  c noJinaKpHJio- 

HHXpHJIBHBIM  paAHKaJIOM,  HXO  MOVKIIO  oSbHCHHXB  CHJIBHOii  aJIGKXpO- 

HoaKn;enxopHOH  chocoShoctbio  oOenx  HacTHu;.  HanpoxHB,  c bjigkx- 
poHOAOHopHoii  MOJieKyjioH  aHxpaij;eHa  3JieKxpoHoaKn;enxopHBiH 
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nojniaKpMjiHHxpHjiBHHMpaAHKaji  pearnpyex  c SojiLineii  CKopocxBK),. 

HGM  3X0  cJieAyex  h3  «o6r[];eH»  peaKD,HOHHOcnoco6HOcxH  axoro  paAH- 

Kajia. 
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Summary 

A quantitative  study  of  chain  transfer  and  inhibition  reactions- 
makes  it  possible  to'  determine ^ the  ratios  A:x//cp  where  /cp  and 
Ax  are  the  chain  growth  and  transfer  constants.  Since  the  absolute' 
values  of  the  constants  Ap  are  known  for  a number  of  monomers  it 
is  possible  to  determine  the  absolute  values  of  the  constants  Ax.- 

We  have  investigated  the  inhibiting  action  of  some  types  of 
aromatic  compounds  in  the  polymerization  of  vinyl  acetate, 
methyl  acrylate,  acrylonitrile  and  methyl  methacrylate. 

In  the  polymerization  of  vinyl  acetate  the  inhibiting  effect 
of  the  aromatic  hydrocarbons  increases  in  the  order:  toluene,, 
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diphenyl,  naphthalene,  phenanthrene,  anthracene.  The  logarithm 
of  /cx  is  linearly  related  to  the  logarithm  of  the  methyl  affinity. 

The  inhibiting  effect  increases  on  incorporating  substituents, 
both  electrodonating  and  electron  accepting,  in  the  benzene  ring. 
There  is  no  relation,  however,  between  the  value  of  kx  and  Ham- 
jnet’s  0-constant.  An  outstanding  position  is  assumed  by  nitro- 
benzene of  which  the  /%  constant  is  by  3—4  magnitudes  higher 
than  that  of  the  other  substituted  benzenes. 

The  incorporation  of  substituents  in  the  meta  and  para  posi- 
tions of  the  benzene  ring  follows  the  Hammet  rule,  the  electron 
-donating  substituents  causing  a decrease  in  the  /cx  values. 

Similar  relations  are  observed  in  the  polymerization  of  methyl- 
methacrylate, but  the  absolute  values  of  '/cx  are  by  3 — 4 mag- 
nitudes lower  than  in  the  polymerization  of  vinyl  acetate.  Because 
-of  this  under  the  experimental  conditions  {ky,  < 0.21/77zoZe.  sec. 
at  50°)  the  interaction  of  the  polymethylacrylate  radical  with  mo- 
lecules of  the  addition  agent  was  not  revealed  in  the  case  of  many 
of  the  substances  investigated,  for  instance  of  all  monosubsti- 
tuted  benzenes,  excepting  nitrobenzene. 

A comparison  of  the  Ax  values  for  polyvinylacetate,  polyme- 
thylacrylate, polymethylmethacrylate  and  acrylonitrile  radicals 
permits  a number  of  conclusions  to  be  made  concerning  the  influ- 
'ence  of  the  polar  factor  on  radical  reactions. 

The  data  obtained  lead  to  definite  conclusions  as  to  the  inhi- 
biting mechanism  of  aromatic  compounds.  The  primary  act  is  the 
addition  of  the  polymer  radical  to  the  aromatic  ring  with  the  for- 
mation of  a non-reactive  radical,  In  the  case  of  nitro  compounds, 
the  polymer  radical  reacts  with  the  nitro  group,  probably,  by 
transferring  to  it  a ^-hydrogen  atom. 

It  has  been  found  that  in  the  polymerization  of  vinyl  acetate 
in  the  presence  :bf  the  inhibitors  in  question  each  molecule  of  the 
latter  terminates  two  kinetic  chains;  regeneration  of  the  chains 
does  not  take  place  and  the  polymer  molecules  form  as  the  result 
of  disproportionation  between  the  polymer  radical  and  the  radi- 
cal formed  during  interaction  of  the  former  with  the  inhibitor 
molecule. 


Resume 

L’etude  quantitative  -des  reactions  de  transition  de  chaine  et 
■d’ inhibition  permet  de  definir  les  valeure  k^jk^^k^  et  kx,  constan- 
te  de  Vitesse  de  croissance  et  de  transition  de  chaine.  Commeles 
waleurs  absolues  da  la  constante  kp  sont  connues  pour  certains 
.monomeres  il  devient  aussi  possible  de  definir  les  valeiirs  abso- 
Jnes  de  la  constante 
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Nous  avoiis  etudie  racti'on  inhibitrice  de  certaines  classes- 
des  aromatiques  sur  la  polymerisation  de  F acetate  de  vinyle,  de 
Tacrylate  de  methyle,  de  T acrylonitrile  et  du  methacrylate  de- 
methyle. 

Dans  la  cas  de  polymerisation  de  Tacetate  de  vinyle  Taction' 
inhibitiice  des  aromatiques  s’accroit  suivant-  Tordre  toluene,, 
diphenyle,  naphtalene,  phenantrene,  anthracene.  Log ‘/Cx  est  lie  . 
lineairement  a log  de  Tapparente  methylique. 

Par  suite  d’insertion  dans  le  noyau  de  benzene  des  substituants- 
aussi  electronodonneurs  qu’electronoaccepteurs  Taction  inhibi- 
trice s’accroit.  Icl,  on  observe  T absence  de  quelque  relation  entre 
la  valeur  et  les  constantes  a Hammet.  Une  position  exclusive 
est  occupee  par  le  nitrobenzene  pour  lequel  la  constante  /Cx  est 
de  3—4  ordres  plus  grande  que  pour  d'autres  derives  de  benzene. 

Si  Tintroduire  dans  une  molecule  de  nitrobenzene  les  substi-' 
tuants  en  meta-  et  para-position  Taction  inhibitrice  change  sui- 
vant la  regie  Hammet,  les  substituants  electrodonneurs  diminu- 
ent 

Si  polymeriser  T acrylate  de  methyle  on  pent  observer  les  rela- 
tions'analogiques  cependant  les  valeurs  absolues  des  constantes 
kx  est  de  3—4  ordres  moindres  que  dans  le  cas  de  polymerisation 
d’acetate  de  vinyle.  C’est  pourquoi  pour  plusieurs  composes- 
etudies  par  exemple  pour  tous  les  substituants  de  benzene  sauf 
le  nitrobenzene  Tinteracti on  du  radical  de  polymethylacrylate  avec 
les  molecules 'des  additions  n’a  pas  ete  trouvee  dans  les  conditi- 
ons de  nos  effets. 

(/cx<0,2  Mmol  sec.  a 50°) 

La  comparaison  de  valeur  k^  pour  des  radicaux  polymeriques 
d’acetate  de  vinyle,  de  methylacrylate,  de  methacrylate  de  methy-- 
le  et  d’ acrylonitrile  permet  de  faire  quelques  conclusions  relati- 
ves a T influence  du  facteur  polaire  sur  les  reactions  radicaliques. 

Les  donnees  obtenues  aboutissent  a certaines  conclusions  con-- 
cernant  le  mecanisme  d’inhibition  par  les  aromatiques.  L’acte 
primaire  d’inhibition  consiste  a T addition  de.  radical  polymeri- 
que  an  noyau  aromatique  suivie  par  la  formation  de  radical  non  — 
reactionnel.  Dans  le  cas  des  composes  nitriques  le  radical  polyme- 
rique  reagit  avec  le  nitro  — groupe  probablement  par  transfert 
a elle  de  p-atome  d ’hydrogene. 

On  constate  que  pendant  la  polymerisation  de  Tacetate  de  vi- 
nyle avec  les  inhibiteurs  que  nous  avons  etudies  chaque  mole- 
cule de  Tinhibiteur  rompt  deux  chaines  cinetiques,.  la  regenera- 
tion des  chaines  ne  s’effectue  pas,  les  molecules  polymeriques  se- 
forment  par  suite  de  reaction  de  disproportionation  d*un  radical 
polymerique  et  d’un  radical  qui  s’est  forme  grace  a Tinteractiom 
du  radical  polymerique  avec  la  molecule  d’inbibiteur. 
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KHHETHKA 

HHrHBHPOBAHHfl  nOJIHMEPH3AI^HH  CTHPOJIA 
HHTPOCOEAHHEHHflMH 

T io  d e tu,  n.  Keude,  M.  Aaopu 
(BeHrpafi) 


HHriiSHpyio^ee  AeiicTBiie  apoMaTiraecKHx  HHxpocoeAHHeHHH, 
OTKpHTOe  OCTp'oMBICneHCKHM  [1],  HCCJIGAOBajIH  paHbffle  OopA 

[2]  H IIpaHc  [3].  IIocjieAHHe  HccjieAosaHHH  HHaMOTO  h CnMaMypa 
[41,  a TaK>Ke  Hoppnca  [5]  noKasHBaiOT,  ^to  nepBrnnafl  axana 
MaKpopaAHKajioB  npoiicxoAHT  no  MecTy  axoMa  KHCjiopoAa  HHxpo- 
rpynnLi. 

KHHeXHHeCKIie  IICCJieAOBaHHH  AGHCTBHH  HHXpOCOeAHHeHIIH  6tIJIH 

npoBeAeHBT  b cjiynae  BHHHJiai],eTaTa  [6,  7],  MeTHJiMexaKpHjiaxa  [8] 
H MeTHjiaKpiijiaTa  [9,  10,  15].  B nacToniAen  pa6oTe  6lijio  npoBe- 
Aeno  KnHeTHB;ecKoe  HccjieAOBamie  HHrH6Hpyioin,ero  AeficxBHH  chmm. 
TpHHHTpo6eH30Jia  H ero  aaMemenHtix  nponsBOAHtix  na  hhhh,hhpo- 
Bannyio  noJiHMepH3an,HK)  cxnpojia.  ^jin  bhhchghhh  bjihhhhh  saMe- 
rAGHHA  na  peaKAHOHHOcnocoSHOCTb  6i»iJio  HCCJieAOBano  BjiHanne, 

cjieAyioiAHX  3aMecTiiTejieH:-~NH2,~-OH,  — OCH3,— CHs,  --C1,  h 
-CO2C2H5. 

MexoAHKa  pa6oxi>i,  npHMeiineMaa  b nacxoHiAeM  HCCjicAOBanHn, 
B ochobhom  6BiJia  HAeHXHHua  omicaHHon  iiaMii  pamme  [11]  mcxoah- 
Ke.  IIojiHMepHsaAHK)  BejiM  npn  50°;  HHHn,HaxopoM  cjiynmji  aao- 
naoSyxnpoHHxpHJi. 

yKasanuBie  HHxpocoeAHHeHMH  OKasajinct  cjia6LiMH  HnriiSnxo- 
paMH  noJiHMepH3aii,Hii  cxHpoJia.  Bo  Bpena  nepHOAa  unrHSHpoBanna 
nocxenenno  noBBimaexca  CKopocxB  nojimiepusai^HH,  ho  cxan,HO- 
napiiaa  CKopocxB  nojiiiMepnsaAHH  ocxaexca  HOMHoro  hhjko,  hgm 
B cjiyaae  HeHHrH6HpoBaHHoro  npoAecca.  Tai^oe  BanaHHe  hhihSh- 
xopa  MO>KHO  HaSjiioAaxB  na  piic.  1,  na  KoxopoM  H3o6pa>KeHH  KpH- 
BHe,  noJiyaeHHBie  b npiicyxcxBHH  xpHHHxpo6eH30Jia. 

CorjiacHo  axoiviy  cjieAyex  noaaraxB,  axp  3xh  coeAHHenna  OKa- 
SHBaiox  HHrH6HpyH)n],ee  aghoxbug  b A^yx  nocjieAyioiii,Hx  cxbahhx; 
B nepBOH  cxaAHH  (bo  Bpena  nepHOAa  HurnSHpoBaHHa)  AeiicxByex 
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nepBOHa^ajiBHHH  HHrH6iitop,  KOTopHH  iipii  9TOM  iipeBpau;aeTCH 
B 6ojiee  cjiaSLiH  (npHMepHO  b 20  pas)  saMeAJiHTejib. 

HsBecTHHe  KHneranecKHe  saKOHOMepHocxH  HHrH6HpoBaHHOH 
noJiHMepH3aii,iiH  [6,  12]  oKasaJincB  HenpHMeHHMbiMii  TOHHoro 


0 ZOO  kOO  600  600  WOO 

BpeMB  MUH 


Phc.  1.  KHHexH^ecKHe  KpHBHe  HHrnSupoBaHHfl, 
nojiyneHHHe^  b npHcyTCTsmi  TpHHiiTpo6eiT30Jia 

1 _ NH2;  2—  OH;  3 — OCH3;  4 — CH*;  5 — Cl;  e — CO2C2H6. 


onpeABJieHHH  KHHexH^ecKHx  napaMexpoB.  IIoaxoMy  npHnijiocb 
paspadoxaxb  ocHOBHue  KHHexHHecKHe  saKOHOMepnocxH 
cjiynan  HHraSHpoBaHHH,  conpoBo>Kji,aeMoro  saMeffJieHHeM.  IlepBafi 
noHLixKa  HaMH  6HJia  cAeJiana  necKOJiBKo  Jiex  xoMy  iiasaji;  [13, 
14]. 

B ^acxHOCXH,  6hjih  BHEeAenti  ypaBHGHHH  ajih  cKopocxii  hhxh- 

SHpOBaHHOH  nOJIHMepHSaAHH,  AJIH  KHHeXHKH  paCXOAOBaHHH  HHm- 
Snxopa,  a xaKHce  ^opMyjia  ahh  onpeAeJiemiH  A™TeJibHOCXH  nepHOAii 
HHrH6iipoBaHHH  (^i),  Ha  ocHOBG  Ka^KyinerocH  nepnoAa  HHrH6HpoBa- 
HHH  (i')»  onpeAeJiHeMoro  H3  AHJiaxoMexpHHecknx  AannHX.  BbiJiii 
xaKJKe  pa3pa6oxaHi3i  npHeMH  onpeAeJieHHH  KOHCxanx  HBrnSHpoBa** 
HHH  (fts),  saMeAJieHHH  (/c's)  H cxexHOMexpiiHecKoro  K03(|)$Hi];HeHxa 
([x),  noKasHBaioiAero  HHCJio  CB060AHHX  paAHKajiOB, . AeaaKXHBHpye- 
MHX  OAHOH  MOJIGKyJIOH  HHXHGHXOpa. 

KaK  6hjio  yKa3aHO  bhdig,  npoBOAHJiH  h3mgpghhh  c agjihm  pa- 

AOM  SaMGIAGHHblX  xpHHHXpoScHSOJia.  B KaHGCXBG  npHMGpa  3A0Cb 
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npHBOAHM  nOApo6HHe  A^HHUe  AJIH  OCHOBHOro  COeAHHeHHH  — TpH- 
HHTpo6eH30Jia;  bth  AaHHLie  co6paHBi  b Ta6ji.  1. 


TaoJiHAa  1 

XapaKTepwcTHKH  noanMepHaai^Hn  TpHHiiTpo6eH3oaa 

a:o  = 0,119 


JVft 

1 Zo/^*10* 

h 

^CT 

W 

kjk2 

2 

0,881 

0,728 

i 

92 

131 

0,850 

0,163 

3 

1,55 

1,29 

166 

213 

0,819 

0,201 

__ 

4 

2,25 

1,89  ' 

269 

326 

0,761 

0,277 

64,4 

5 

2,30 

2,79 

418 

483 

: 0,734 

0,314 

64,1  . 

6 

4,02 

• 

3,42  , 

508 

575 

0,683 

0,319 

B 3T0H  TaSjiHAe  xo  ^ zo  — naAajibHHe  KOHUieHTpaAHH  iiHHu,Ha- 
TOpa  H KHraSHTOpa,  X — CpeAHHH  KOHAeHTpaAHH  HHHAHaTOpa  BO 
BpeMH  nepHOAa  HHrH6HpOBaHHH,  W — CKOpOCTb  nOJIHMepHSaAHH 
6e3  HHrH6HTopa,  Wct,  — cKopocxt  noaHMepHsaAHH  nocjie  nepnoAa 
HHrH6HpoBaHHfl,  (p'o  — napanexp  saMeAJieHHK,  — KOHCxanxa 
CKopocxH  pocxa  n;enH, 

Ha  pHC.  2 iioKaaaHM  saBHCHMOCXH  ti  — F n t'  = F 

Kan  BHAHO  h3  pncynKa,  Ka^yrAanca  AJiHTejibHocxB  nepnoAa  hh- 
rHgnpoBaHHH  He  HBJiaexcH  JiHHeHHOH  ^yHKAHen  oxHomeHHH  zo/x, 
as  xo  ace  BpeMH  sHaaeHHH  noJiyaeHHHe  pacaexHHM  nyxeM,  oaenb 
xopomo  yKJiaAbiBaioxcH  na  npaMyio. 

IIoCKOJIbKy  KOHCXaHXa  CKOpOCXH  HHHAHHpOSaHHH  H3BeCXHa 
{16—18],  TO  Mo?KHO  onpeAeJiHTb  sHaHenHe  [x.  /],jih  TpHHHTpo6eH30Jia 

MH  nojiyHHJiH  [x  = 2,98  + 0,1. 

Ha  AaHHHX  AHJiaxoMexpHHecKHx  HSMepennH  6biHo  onpeAejieno 
SHaaeHHe  /cs/fe.  HecKOJibKo  xaKHx  xHHHHHbix  kphbhx  noKasano 
Ha  puc.  3. 

. HaKOHeii;,  b xaGji.  2 co6paHbi  Bce  ocHOBHue  KHHexiiHecKHe  napa- 
MexpH  HCCJieAOBaHHHX  HHraSHTopoB;  3Aecb  p — KOHCxanxa  sa- 
MeAJieHHH. 

HaBecxHb,  hto  noJiapHHe  (|)aKxopH  Moryx  oKaBHBaxb  cyiAecx- 
BeHHoe  BHHaHHe  na  CKopocxb  paAHKaabHHx  peaKAHH  [19],  Ilpn 

HCCJieAOBaHHH  KHHeXHKH  HHrH6HpOBaHHOH  HOHHMepHBaAHH  MeTHJI- 
aKpHaaxa,  Chhhahhoh  h BarAacapbanoM  [10]  6Hao  naHAeno,  hto 
B cayaae  Mexa-  h napa-saMeiAeHHHx  HHxpocoeAHHenHH  KOHCxan- 
xbi  CKopocxH  HHrH6HpoBaHHa  noA^HHaioxca  npaBnay  FaMMexa, 

3 Me;KAyHapoAHLifi  CHMnosHyM,  ceK^IIH  2 33 
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Ta6jiHn;a  2 

KiiHeTHHecKHe  xapaKTepncTHKH  pn^a  HHrH6HTOpOB 


SaMCCTHTejib 

i 

; k,/k. 

kV*L*+ 

— NHg 

11,8 

3,78+0,2 

0,12 

10 

— OH 

211 

2,68  ± 0,1 

1,94 

20 

-OGHs 

20,3 

2,96  ± 0,2 

.1,08 

17 

~CH3 

14,6 

3,13  ± 0,2 

0,77 

26 

— H 

64,2 

2,98  ± 0,1 

1,04 

37 

— Cl 

58,5 

2,73  ± 0,1 

1,74  - 

49 

-CO2C2H5 

42+ 

4,04  ± 0,1 

0 

48 

npHHeM  KOHCTaHTa  p,  xapaKTepMsyiom^aH  peaKii,iiK),nMeeT  ana^eKHe 

+0,8. 

HaMH  OuJia  CAejiana  aHajioriiTOaH  nonHTKa,  ycTanoEHTB  CBH3b 
Meway  noJiyTOiJHHMH  sna^eHHHMH  kb/k^  c .KOHCxaHTaMH  FaMMeTa. 


PhC.  2.  SaBHCHMOCTH  H F ^ 

B npHCyTCTBHH  TpiIHHTpo6eH30Jia. 

Sxa  3aAaE;a,  oAHaKO,  saxpyAHHexca  xeM  _G6GxoHxejii>cxBOM,  hto 
B ji;aHHOM  cjiynae  MM  iiMeeM  36^0  c 3aMeni,eHHeMB,opTo-no30H^eHiiEi. . 
nbcKOJiBKy  opxo-  H napa-noJiojKeHHH,  B .rpy6oMvnpH6jiE[}KeHHH, 

MOJKHO  CTHXaXb.  paBHOI];eHHHMH,  eCJIH  XOJILKO.  He  HMeiOXCH  oco6i>ie 
34 
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Piic.3.  rpacpHK  ^JiH  oiipo;;eJieiiHH 

l.  ^ TpHHIITpOTOJiyOJi;  2 — aXiUlOBblii  3$Hp  TpIIHHTp0(5«H30MB0ft 
KiicJiOTu;  3 — xjiopMCTLiH  niiKpiiji;  4 — niiKpiiHOBan  KHcaora.; 


-C0,C,Hc. 


Pile.  4.  3aBHGHMOGTI>  k^jk^  OT  KOlICTaHT  I’aMMeTa. 
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opocTpaHCTBeHHBie  saTpyAHeHHH,  to  ajih  pac^exa  mh  npHHHMajin 
BHa^eHHH  (T,  onpeAejiGHHue  AJiHnapa-aaMecTHxejieH.HcnoJiBSOBaH- 
HHe  AaHHHe  SbiJiH  BSflTBi  H3  pa6oTBi  [20].TaKHM  o6pa30M  6hji  nojiy- 
pHC.4.  HaaxoM  pHcyHKe  noKasana  saBHCHMOcxB  fe/fe  = F (a). 

KaK  BHAHO  M3  pncyHKa,  b cjiynaG  saMGcxHTeJiGH  — H,  — CHr, 
— ^OCHs  H — Cl  (t.  G.  3aMGCTHTGJIGH  HG  CJIHIMKOM  6oJIBniOrO  o6'BGMa) 
BlinOJIHHGTCH  MpaBHJIO  FaMMGXa!  IIpH  3TOM  HHrHSHpyiOmaH  cno- 
CoShOCTB  COGAHHGHHM  TGM  BBimG,  HGM  BBIinG  3JIGKTpOHOaKH;GnTOp- 
HOG  CBOHCTBO  SaMGCTHTGJIfl.  IIo  3THM  AaHHHM  p;:5r;H-l,6.  B CJiyHae 
rpynnBi  — CO2C2H5  pGaKn,HOHHaH  cnoco6HOCTB  naMHoro  hhwg, 
^GM  cjiGAosajio  6bi  no  npaBHJiy  FaMMGxa;  9tot  $aKT  o6T>HCHHeTCH, 
^0-BH^HM0My,  yMGHBIMGHHGM  COMpHMCGHHH  H3-3a  6oJIBinHX  MpOCT- 
panCTBGHKBIX  SaxpyjJHGHHH.  . 

B cjiynaG  aaMGCTHTGJiGH  — NH2  h,  b 6co6ghhocth,  —OH  hhih- 
^npyiomafl  gmocoShoctb  SHaBHXGJibHo  bbiiiiGjMgm  ojKHAaGMaH  no  npa- 
BHjiy  FaMMGxa.  Hgjib3h,  o^naKO,  hG  saMGTHXb,  nxo  3xh  anoMajiHH 
•o6Hapy>KHBaK)xcH  y cogahhghhh,  KoxbpBiG  HMcrox  BnyxpnMOJiGKy- 
jiHpnyio  BOAopoAHyio  cbh3i>.  B nacxHocxn,  xopomo  hsbgcxho,  nxo 
xaKOH  cjiynaH  Ha6jiipji,a6TCH  y b-HHxpo^GHOJia  [21];  sagcb  najmnHG 
^BOAOpOAHOH  CBH3H  AOKa3aHO  CnGKXpOM  KOM6nHaH,HOHHOrO  paCCGB- 
iHHM.  J3,Jia  o6bHCHGHHH  nOBBiniGHHOH  pGaKAHOHHOCnOCoSHOCTH 
-3THX  COGAHHGHHH,  XaKHM  o6pa30M,  MBI  AOIOKHBI  npGAHOJIOHCHTB, 

-^To  BOAopoAnan  cbhsb  onasBiBaGT  AoSasonnoG  ojiGKxponoaKAGnxop- 
moe  aghcxbhg  na  nnxporpynny. 

Tanoe  «aHOMajiBHOG»  noBGAenHG  — OH  h — NH2  rpynn  o6Ha- 
'pyjKHBaGxcfl  ne  tojibko  b naniGM  cjiynaG.  Ho  asihhhm  .Cmhhahhoh 
H BarAacapbHHa  [10]  npn  HHrH6HpoBaHHOH  nojiHMGpHaaAHH  mg- 
xHJiaKpHJiaxa  HaOjiioAaGxcH  xaKoii  jkg  3(|)$6kx;  xan,  oxnoniGHHG 
KOHCXanX  CKOpOCXn  HHrHOHpOBaHHn  0-  H n-HHXpoaHHJIHHOB  paBHO 

1,27,  a A*Ji^  n-HHxpo$GHOJioB  — 2,54. 

To  o6cxOflXGJIBCXBO,  nxo  CXGXHOMGXpHnGCKHH  K03$$Hn;HGHX  HG 
SIBJIHGTCH  HGTHI^M  MHCJIOM,  KaK  CJIGAOBaJIO  6h  OJKHAaXB  AJIH  HHrM- 

Snxopa-MOJiGKyjiBi,  a kojigSjigxch  b npoAeJiax  2,7 — 4,0 
^CM.xaOji.  2),  KancGxcHHariGpBBiiiBarjiHA  cxpanHHM.  Hpn  paccMoxpG- 
SHHH  Hamnx  AftHHBIX  MO>KHO  o6Hapy5KHXB  CJIGAyiOBAyK)  XGHAGHAHK)  — 
SJIGKXpOHOAOHbpHHG  SaMGCXHTGJIH  yBGJIHHHBaiOX  CXGXHOMGXpHHG- 
<CKHH  K03$(|)Hn;HGHX. 

HocKOJibKy  [ji  > Ij  xo  HHrnGHxop  mo>kgt  ynacxBOBaxB  xojibko 

SB  HGCKOJIBKHX  nOCJIGAOBaXGJIBHBIX  pGaKAHHX.  B CBK3H  C 3THM 
CJIGAyeX  OCXaHOBHTBCH  Ha  MGXaHH3MG . HHrH6HpOBaHHn.  Ho  HGAaB-^ 
eHM  HCCJIGAOBanHHM  [4,  5]  HGpBan  pGaKAHK  — npHCOGAMHGHHG 
aiaKpopaAHKajia  k nnxporpynnG  no  ypaBHGHHio: 

O' 

^ R*  + ArNOa- Ar  — (k^)  (1) 

■ . \ 

0— R 
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OTHocKTCJibHO  ffajibHefinieH  cyAL6H  btoto  npoMe>KyTOHHoro  paAH^ 
Kajia  HMeiOTCH  js^bbl  paBJiH^Htix  npeAnojio}KeHiiH:  HnaMOTO  ii  CHMa- 
Mypa  [4]  nojiaraiOT,  hto  yKaaaHHtiH  pa^HKaji  pacnamaeTCH  no  mo- 
HOMOJieKyjiapHOH  peaKn;HH  c oSpaaosaHHeM  HHxpoaocoeAHHeHHH  h 
pa^HKajia  R0‘;  XaMMOHA  h BapraeTT  [22]  cnnTaiOT  BepoHT- 
HLiM  npoTOKaHHe  cjiGAyioii^eH  peaKAHii: 

O’ 

. R-  + Ar  — -H.  Ar— NO  + ROR  (A:f)  (2> 

^0~R 

rio-BHAHMOMy,  cjieAyeT  y^ecTt  h peaKAHio  npHCoeAHnemiH 
KaJIOB 

0*  - OR  . 

R*  + Ar  — N Ar  — N (^5) 

\ \ 

0 — R OR 

HaKOHeii,,  no  a^hhhm  [4]  h [5]  h3  peaKii,HOHiioH  cmgch  mo>kho  bh- 
AejiHTb  aaMemeHHbie  rHApoKcnnaMHHH.  IIocKOJibKy  nocjieAHHO 
MoryT  o6pa30BbiBaTbCfl  tojibko  h3  HHTpoaocoeAHHeHHH,  TO  cJieAyex* 
npoAnojiojKHTb  eme  h peaKAHio: 

R 

2R’  + Ar  — NO  Ar  — N (4^ 

\r 


paAH- 

(3> 


CooTBeTCTBeHHO  MexaHH3My,  npeACTaBjiGHHOMy  ypaBHenHAMHi 
(1 — 4)  M05KH0  OnpeABJIHTb  CTeXHOMexpHBeCKHH  K03(|)$HH.HeHT.. 
HcnoJibsyH  ycJioBHe  CTaij,H0HapH0CTH  (oTHOcuTejibHO  KGHij;eHTpa- 
AiiH  Bcex  npoMOKyTO^Hbix  npoAyKTOB),  Mti  nojiynaeM 


F “ 2 1 1 + 


(5) 


CTeXlIOMeTpHHeCKHM  K034)$nAHeHT,  COOTEGTCTByiOIAMH  3T0My  MG- 
XaHH3My,  MOH^GT  HJiaBHO  MGHHTbCfl  B npGABJiaX  OT  2 AO  "4  B SaBH- 
CHMOCTH  OT  OTHOHIGHHH  CKOpOCTGH  pGaKAHH  (2)  H (3),  HTO  II  HafijIK)- 
AaGTCH  Ha  OHLITG.  C HOMOIAblO  BHpa>KGHHH  (5)  MO>KHO  paCCBHTaXb 
rio-BHAHMOMy,  3X0  OXHOmGHHG,  HOAoShO  kh/kk,  TO>Ke  AOJI>K- 
HO  aaBHCGXb  ox  BHaHGHHH  O,  HpHHGM  XeOpeXHBLGCKH  OJKHAaGXCfl,  HXO 
0'^  r-  Phc.  5,  Ha  KOTopoM  H3o6paH«GHa  axa  aaBHCHMOcxby 

nOATBGpjKAS^eX  BCG  BLIin6CKa3aHHbIG  npGAnOJIOJKGHHH. 

B pGayjibxaxG  113  rpa$HKa  nojiynaGM  = 1,05.  9xo 

osHanaex,  hxo  npn  BBeAOHHH  ajiGKxpoHOAOHopHoro  saMecxHxejifl 
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y MCHbinaeTCH  noJiowHxeJibHbiH  sapHA  Ha  «KJiH)4eBOM»  yrjiepoAHOM 
^aTOMCi  H-  TBM  CaMBIM  OCJia6eBaeT  CBH3b  N — 0,  H OAHOBpeMeHHO 
ycKorfleTCH  peaKAiiH  (2),  hto  cooTBeTCXBeHHo  noBbimaeT  CTexEo- 
;3ilOTpHBeCKHH  K03$(i)HD;HeHT. 


SHaneHHH  He  hoahhhhiotch  npaBHJiy  FaMMexa  b CJiy- 

’Hae  3aMecxHTejieH  — OH  ii  — CO2C2H5,  rpynnbi  — OH  SHane- 

HHH  kb'^/kb^'^  BHme  «HopMaJibHoro».  HoaxoMy  mojkho  npeAnojiaraxb, 
^Hxo  BOAopoAHbiH  MocxHK  cyiAecxByex  AajKe  b npoMeHcyxoHHOM  pa- 
-AHKajie.  H?io6opox,  y — CO2C2H5  mbi  noJiyHHJiH  SHanenHe  [x  = 
= 4,04  + 0,1,  HXO,  nO-BHAi™pMy,  06X)HCHHeXCH  HOJIHBIM  OXCyXCXBHGM 
peaKAHH  (3).  Ecjih  tjphhhxb  bo  BHHMaHHe  HMeiomHecH  y — CO2C2H6 
CojibHiHe  cxepuHecKHe  npennxcxBHH,  3xox  pesyjibxax  ne  hbjihgxch 
HeOHCHAaHHBIM. 
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Summary 

A kinetic  study  has  been  made  of  the  inhibiting  action  of  sym.- 
trinitrobenzene  and  its  derivatives  on  the  initiation  of  styrene 
polymerization.  The  effect  of  substituents  was  investigated  on  the 
examples  of  — CHs,  — OH,  — OCH3,  — NH2,  — Cl,  — CO2C2H6. 

The  nitrocompounds  were  found  to  be  Avpak  inhibitors  of  sty- 
rene polymerization.  They  bring  about  a well  defined  phase  of 
inhibition  during  which  the  reaction  mixture  usually  darkens. 
During  the  inhibition  phase  the  rate  of  polymerization  gradually 
increases,  but  the  steady  state  polymerization  velocity  is  much 
lower  than  during  the  non-inhibited  process.  It  may  be  possible 
that  the  initial  inhibitor  transforms  to  a retarder  about  20  times 
weaker. 

In  the  light  of  this  the  basic-equations  of  inhibition  followed  by 
retardation  have  been  derived.  Such  are  for  example  equations  for 
the  polymerization  rate,  for  the  kinetics  of  inhibitor  consumption 
and  also  a formula  for  determining  the  duration  of  , the  inhibition 
phase  on  the  basis  of  dilatometric  data.  Procedures  have  also 
been  developed  for  determining  the  inhibition  and  retardation 
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components  and  the  stoichiometric  coefficient  for  the  number  of 
radicals  desactivated  by  one  molecule  of  inhibitor. 

The  inhibition  constants  (as  well  as  retardation  constants) 
have  been  shown  to  obey  the  Hammett  rule  in  the  case  of  substi- 
tuents, of  small  volume  (—H,  — CH3,  — OCH3,  GI).  The  inhi- 
biting capacity,  of  the  conipounds  is  the  higher  the  higher  electronac- 
ceptor  properties  of  the  substituent. In  the  case  of  the  — CO2C2H6, 

' group  the  activity  is/below  that  expected  from  the  Hammett  rule, 
which  is  evidently  the  result  of  a decrease  in  conjugation.  In  the 
case  of  OH  and  NH2  substituents  the  activity  is  much  above  that 
given  by  the  rule,  because  the  hydrogen  bond  has  an  additional 
electron  acceptor  effect  on  the  nitro  group. 

,Based  on  reported  data  and  upon  our  own  investigations. the 
inhibiting  mechanism  may  be  represented  by  the  following  scheme 


R*  + Ar  — NOs-^Ar  — N 


0 — R 


R*  4.  Ar  — N 


and  finally 


Ar~N 


0 — R 


0 — R 


Ar  — NO  + R — 0-~R 


2R'  + Ar  — NO-^2Ar  — N 


0 — R 


In  conformity  with  this  mechanism  one  molecule  of  inhibitor 
-may  react  with  2 — 4 radicals  depending  upon  the  velocity  ratio 
(2)  and  (3).  Electron  — donator  substituents  increase  the  negati- 
ve charge  on  the  oxygen  atoms  and  hence  accelerate  reactions  (3), 
with  corresponding  increase  of  the  stoichiometric  coefficient.  In 
the  case  of  OH  the  stoichiometric  coefficient  is  below  the  «nor- 
mal»  and  hence  it  may  be  believed  that  a hydrogen  bond  is  present 
even  in  the  presence  of  an  intermediate  radicals  formed  duing 
reaction  1. 

On  the  contrary  with  CO2C2H6  a much  lower  stoichiometric 
than  the  «normal»  coefficient  equal  to  4 has  been  obtained. 
This  means  that  in  this  case  because  of  the  steric  difficulties 
reaction  (2)  does  not  take  place. 
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Resume 


On  a effectue  une  etude  cinetique  de  1 action  inhibitrice  du 
sym. -trinitrobenzene  etses  substituessur  la  polymerisation  initiee 
du  styrolene.  Comme  example  pour  I’etude  de  I’influence  des  sub- 
stituants  ont  ete  pris  — CH3,  — OH,  — OCH3,  — NH2,  — Cl, 
— CO2C2H5. 

Les  nitro-composes  indiques  se  sont  trouve  de  faibles  inbibiteurs 
de  polymerisation  du  styrolene.  Ils  provoquent  une  periode  d’in- 
hibition  assez  nettement  exprimee  durant  laquelle  le  melange  re- 
actionnel,  en  general,  devient  fonce.  Pendant  le  periode  de  Pinhi- 
bition  la  vitesse  de  polymerisation  s’accroit  successivement  mais 
la  vitesse  de  polymerisation  stationnaire  reste  un  peu  plus  basse 
que  pour  le  processus  non-inbibite.  On  pent  supposerque  I’inbi- 
biteur  initial  passe  en  relantisseur  20  fois  plus  faible. 

Conformement  a ce  fait  on  a deduit  les  equations  principales 
d’inbibition  suivie  par  le  ralentissement  ainsi  que  les  equations 
pour  la  vitesse  de  polymerisation,  la  cinetique  de  la  depense  d’in- 
hibiteur  de  meme  que  la  formule  pour  la  definission  de  la  duree 
de  la  periode  d’inbibition  en  partant  des  donnees  dilatometriques. 
On  a egalement  elabore  les  precedes  pour  determiner  les  constan- 
tes  d’inbibition,  de  relantissement  et  le  coefficient  stecbiometri- 
que  montrant  le  nombre  des  radicaux  libres,  desactives  par 
une  molecule  d’inbibiteur. 

On  a etabli  que  les  constantes  d’inbibition  (de‘meme  que  de 
ralentissement)  se  soumettent  a la  regie  de  Hammet  dans  le  cas 
des  substituants  a un  petit  volume  (— H,  — CH3,  — OCH3,  — Cl).. 
La  capacite  inbibitrice  de  compose  est  d’autant  plusbaute  que  les- 
proprietes  electrono-acceptrices  de  substituant  sont  plus  bautes. 
Dans  le  cas  du  groupe  CO2C2H5  Tactivite  est  plus  basse  que  dev- 
rait  etre  selon  la  regie  de  Hammet  cequi  est  probablement  expli- 
que  par  la  conjugaison  diminue.  Et  dans  le  cas  du  substituant 
—OH,  — NH2  I’activite  est  beaucoup  plusbaute  que  selon  la  regie 
de  Hammet  car  la  liaison  d’bydrogene  exerce  une  action  d’accep- 
tion  electronique  supplementaire  sur  le  groupe  nitre. 

En  se  reposant  sur  les  donnees  litteraires  ainsi  que  sur  celles 
de  nos  etudes  le  mecanisme  d’inbibition  peut-etre  presente- 
par  le  schema  suivant: 

0* 

•/ 

R-+ Ar— NO2-- Ar  — N (1> 

\ 

0— R 
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(2) 

(3) 

(4) 


, , Selon  ce  mecanisme  une  molecule  d’inhibiteur  pent  reagir 
avec  '2  4 radicaux  eii  fonction  du  rapport  des  vitesses  des  reac- 
tions (2)  et  (3).' Les  substitilants  electrond-ilonneurs  augmentent 
sur  les  atomes  et  accelerent  ainsi.  la  reaction 
<3);  le  coefficient  stecbiometrique  conformement  s’accroit;  Dans 

le  cas  de — OH  le  coefficient  stecbiometrique  est  plus  bas  du  «nor- 
mal»  c’e^'  pourquoi  on  peut.supposer  que  la  liaison  d’bydrogene 
existe  meme  dans  le  radical  intermediaire  qui.  se  forme  dans  la 
reaction  (1).  Au.  contraire  pqiir  le  substituant  — -COaCgHs  .on  a 
obtenu.la  valeur  du  coefficient  stecbiometrique  egale  a 4 ce  qui 
signifie  que  dans  ce  cas  a cause  des  ericombrements  la  reaction 
2)  ne  s’effectue,  pas , 
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PA3,HKAJIbHHE  PEAKI1,HH  PACHAJ^A 
HEKOTOPbIX  nEPAHrHflPHflOB  H HEPaOMPOB 

JT.  A.  Pasyeaee^  Jl,  M.  TepMan^ 

B*  P*  Jlnoom  e p o B,  C-  SrriAuc 

(CCCP) 


PeaKij;HH  nepeKHCHHX  coeAHHeHHk  c pacTBopHxejiHMH  o^eHb 
no^|ipo6HO  HCCJieAOBaHH  ajih  aAHJiBHHX  nepeKHcek  h rHAponepe- 
KHCGH,  B nocjieAHne  toam  ony6jiHKOBaHLi  pa6oTLi  no  CHHTeay  n,e- 
Jioro  pHAa  HOBHX  nepOKHCHBIX  IIHHH.HaTOpOB  nOJIHMepH3ail,HH,  HO 
pasJiojKOHHe  Hx  B pasJiHHHHX  pacTBopHTejiHX  nsyneno  ein,e  hoao- 
CTaTOTOO  nojiHO.  BoJiBmoH  HHTepec  npeAcxaBJiHiOT  a^npti  naA- 
yroJiBHOH  KHCJiOTBi  H nopeKHCB  ai];eTHJin;HKJioreKcaHcyjiB(|)OHHJia 
[1, ’2],  KOTopHG  pacnaAaiOTCfl  no  cjieAyioiAeH  cxeivie  [3]: 

ROC  ^0  — 0 — C~OR—  2ROGOO* 

II  II 

0 0 

ROGOO* RO*  + COa 

CeHnSOa  ^ 0 - O — COCHs-^  GeHnSOaO*  + GHsGOO' 
GHgGOO-^'GHg  + GOa 

HaMH  6HJia  nccjiGAOBana  KHHexHKa  n npoAyKXH  peaKAnn  nepeKHcn 
aAexHJiAHKJioreKcaHcyjiB^OHHJia  (I),  AH^ensHJi-  (II)  h ahrhkjio- 
reKCHJinepoKCHARRap6oHaxoB  (III)  b paaJinnnHX  pacxBopnxejiHx. 
Ha  ocHOBaHHH  nojiyneHHHX  KnnexHnecKHX  Aannux  noKasano,  nxo 
pacnaA  CJieAyex  KnnexHHecKOMy  saKony  nepsoro  nopaAKa  no  ne- 
peKHCH  (xa6ji.  1,  2). 

CKOpocTB  paajiOH^enna  I b saBHCHMOCXH  ox  pacxBOpHTejia  y6Bi- 
Baex  B paAY-  tt30-C3H7OH  > AHKJioreKcan  > C6H6>  CCU;  cjigay^t 
OTMGXHTB  6jiH3KnG  MGJKAy  coSoH  SHanGHHa  BHeprHH  aKTHBan,HH. 
/],JIfl  II  H III  TO  >KG  Ha6jIIOAa6TCfl  HBJI6HHG  npH  ynOXpGCjIGHHH  BCGX 
pacTBopnxGJiGH,  KpoMG  cnnpxoB.  Kaacymaaca  anepma  aKTHBan;iiH 
B 6gh3hjiobom  cnnpxG  OKaaajiacB  na  5 nnaJilMOJih  MGHBraG,  hgm 
B 6gh30jig  h AK6yTHJi(|)xajiaTG.  9to  n03B0JiaGT  npeAnoJiaraxB 
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I 

T a '6  ji  H a 1 


^HCJieHHwe  SHa^eHHH  KOHCxairr  cKopocTeii  pa3JiOH«eHHfl 
H Ka>KymHxcfl'aHeprHH  aKTHBai^nn  I b pasjirranwx  pacTBopaTejiax 


KOHCTaHTa  CKOpOCTH 

ceK-‘ 

TeMnepaTypa,  ®C 

U3O-C8H7OH 

miBao- 

rcKcan 

CeHe 

CCI4 

18 

5,12 

20 

13,90 

9,59 

— 

. — 

25 

30,20 

15,54 

— 

30 

50,20 

34,50 

__ 

— 

35 

— 

^ • 

5,76 

— 

40 

__ 

127,90 

11,30 

4,15 

45 

21,55 

7,02 

50 

__ 

— 

— 

16,45 

55 

, ■ — 

— 

74,00  \ 

,29,70 

E , KKaJl  jMOJih 

25,6 

23,4 

25,6 

26,8 

T a 6 Ji  H d;  a 2 


HHCJieHHwe  anaaeHHH  KOHCxaHT  CKopocTea  pasjioateHHH  h Kaa^ymaxcH 
aHepriiH  aKTHBai^na  II  h III  b paaaHqHiax  pacTBopnTeaax 


Teianepa- 

KOHCTaHTU  CKOpOCTH  ft -10^,  CeK”^ 

AHUHKJioreKCHJinepo^CHflH  - 
KapOoHaT 

nH6eH3HJinepoKCiiAHKap6oHaT 

CeH, 

aHKJioreKcaH 

C,H4 

C6H4  (COOC4H9)2 

CeHsCHsOH 

35 

2,93 

40 

— 

__ 

__ 

__ 

5,9 

45 

4,15 

3,83 

1,1 

1,75 

15,57 

. 50 

8,46 

7,61 

3,19 

3,09  ; 

22,36 

55 

16,28 

11,18 

8,3 

7,5 

47,9 

60 

34,8 

20,35 

17,97 

■ 13,25 

, 80,9 

E,  nKaAfMOAb 

29,7 

28,8 

31,8 

32,  i 

26,8 
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HHHIJ,HHpOBaHHHH  pacnafl  B CnHpTaX.npOAYKTLI,  BblAeJIGHHHe  npH 
peaKii^HH  nepeKHcen  c pacTBopHxejiHMH,  npHBeAeHLi  b Ta6ji.  3 h 4. 

Ta6jiMi];a  3 

Bbixo;^  npo^yKTOB  pasjiojKeHHH  nepeKncn  atieTHjii^iiKJioreKcaHcyjib^oHHJia  b 
paajiii'iHbix  pacTBopHTeaflx  (mojiu  jMOJih  nepeKHcn)  (naqaabHaa  KOH4eHTpai^HH 
Cq  cocTaBaaer  0,7  Mojihjji) 


BtineaeHHue  npoflyKTu 

PaCTBOpHTCaa 

U30-C»H70H 
^ (20®) 

i 

iBiKaoreKcaH 

(35®) 

CoHe 

(50,4®) 

CCI4 

(55,4®) 

CH4  ........ 

0,64 

0,62 

0,26 



CO2 

0,95 

0,96 

0,54 

0,93 

CeHiiSOaH 

0,72 

0,53 

0,59 

0,58 

C6H9SO3H  ..... 

0,02 

0,08 

0,27 

0,32 

C6H11SO2OCH3  ... 

0,26 

0,401 

0,20 

0,17 

CeHiiSOaOCaHji  . . • 

— 

__ 

— 

CH3COOH  ..... 

0,57 

. . — 

— 

— * 

CHsCOCHa 

0,02 

0,34 

C«Hio 

— 

■ 0,067 

— 

— 

GH3CI  . ...  . . . 

— 

— 

— 

0,62 

C2GI0 

— 

0,24 

HCl  . 

— 

— 

0,08  • 

CMoaa 

— 

— 

102 

CaeAbi 

» CMecb  MeraaoBoro  h i^HKaoreKcaaoBoro  8$HpoB  rqiKaoreKcaHcyab^oKHcaoTU.' 
* % H3  pac^eTa  na  sec  nepeKHCH. 


IIo  npoffyKTaM  pacna^a  m6h<ho  c^eJiaTb  npeAnoJiojKenHe  o 
TOM,  ^TO  npH  peaKD^HH  yKaaaHHHX  nepeKHcen  c pacTBopHTGJiHMH 
npoHCXOAHT  BsaHMOAencTBHe  pacTBopHTejien  co  cbo6oahlimh  pa^H- 
KajiaMH,  o6pa3yK)in,HMHCH  aa  c^ex  flHccoii;0:an;HH  cbh3h  0 — 0. 
C ApyroH  cTopoHH,  Ha6jiH)AaK)TCH  npoii;eccH,  KoxopHe  npoxoAHT 
6e3  y^acTHH  pacxBopHTejiH,  bo3MO>kho  BCJieACXBHe  peaKB,HH  cbo- 
SoAHHX  paAHKajiOB  b «KJiexKe»,  hjih  BCJieACXBHe  MOJieKyjiHpHoro 
pacna^a.  B jierKO  AerHApHpyK)iu,HXCH  pacxBopHxeJiax  (b  cnnpxax) 
RO*-paAHKajiH  oxpHBaiOT  BOAopoA  h oSpaayioT  cnnpx  h hoblih 
paAHKaji  H3  pacTBopHxejifl: 

RO'  + wao-C8H70H  -♦  ROH'+  wao-GsHeOH. 
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BTopiiTOHH  paflHKaji,  AHcnponopi],HOHHpyflCL,  o6pa3yeT  hc- 
XOAHHH  cnnpT  h kgtoh  (ajiBAerHA).  Pa^HKaji  ahkjio-C6HiiS020- 
pearnpyex  aHajiorHTOO. 

IIpH  pacnaAG  II  h III  b 6eH30Jie  h yKcycHOH  khcjxotg  noc^iGAHne 
HG  npHHHMaiOT  y^acTHfl  B pGaKAHH  H npn  axoM  noJiyBaiOTca  rpo- 
AyKTLi  AHcnponopAHOHHpoBaHHfl  RO’-paA'HKajioB.  Hto  me  naca- 
GTca  C6H11SO2O -paAHKajia,  to  b 3tom  cjiyaao  oTMeaGHo  y^acTHG 
paCTBOpHTGJIfl  — 6GH30Jia;  OAHaKO  KaKIIX~JIH6o  HHAHBHAyaJIBHLTX 
npoAyKTOB,  06pa30BaBmHxca  h3  hgto,  hg  yAaJiocB  bliagjihtb. 

» 

Ta6jiHAa  4 

Bwxoa  npoAyKTOB  pa3Jioa«eHHa  nepeKHcefi  II  h III  b pasjiHqiibix 
pacTBopHTGJiax  {Mo^u/MOJih  nepGKHCH)  (Ha<iajibHafl  KOHueirrpamiH  C. 

COCTaBJlHGT  0,3  MOJlhf-Jl) 


BbiflejieHHMe 

UpOflyKTH 

PaCTBOpHTeJIIf 

1 PaCTBOpilTeJIH 

U30- 

CsH^OH 

CeHe. 

CCJ4 

BHaejieHHbie 

npoAyKTfci 

U30~ 

C3H70H 

C,H, 

‘ecu 

CO2 

1,9 

1,8  j 

1,96 

CH3COCH3 

1 0,9 

i 

CeHsCs^ 

0,03 

0,25 

0,36 

C2CI6 

— 

0,02 

\ 

H 

(ahkjio-CqHioO) 

CMOjia  1 

— 

— 

10 

CsHsCHaOH 

1 ' 

1,74 

0,98 

0,79 

Macjio  ^ 

5 

22 

' 15 

(imKno-C.H„OH) 

HGI 

1 • — 

1 — 

0,2 

* % H3  pac^iera  na  sec  nepeKHCH. 


y^aCTHG  0GH30Jia  6bIJIO  KOHCXaTHpOBanO  no  HajIHBHIO  aKTHBHOCXH 
B CM0JI6,  GCJIH  paSJIOHCGHHG  npOBOAHTB  B paCXBOpHXGJIG,  MGHGIIHOM 
BecBMa  BepoHTHO,  hto  ^po^ecc  npoxoflHx  b peaKpaoHnoM  kom- 
njiGKCG,  nocKojiBKy  BBiAOJiflGxcfl  yKcycHan  KHCJioxa.  B npoTHBHOiVi 
CJiynae  CHsCOO'-paflHKaji  flOJiJKen  pacna^aTbCH  na  CHs-pann- 
Kaji  H GO2  [4]'. 

B cpefle  CCI4  II  H III  pacnaflaioTCH  b ochobhom  6e3  ynacTWH 
pacTBopHxejifl^c  o6pa30BaHHeM  ajitflerHaa  (itexona)  h cnnpxa.  Bo 
Bcex  onbixax  ohjio  oxiieHeHo  BbifloJiBHiiG  HCl,  oSpaaoBamie  koxo- 

pOrO  MOJKHO  o6x>}ICHHXb  BXOpH^HblMH  IipOpeCCaMH  BaaHMOflGHCXBHH 
CCI4  CO  CHHpXOM,  HHHpHHpOBaHHHMH  CBo6oflHbIMH  paflHKaJiaMH 
nepeKHCH.  Ciien,HajibHbrMH  onbixaMH  noKasano,  wo  II  n III  hhhuh- 
Mpyiox  xaKoii  npopecc  [5]  (xa6ji.  5). 
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Tn6jiima  5 

PacnaA  b cmgch  CCI4  h W30-C3H7OH  npH  60° 


KoHneHTpHAHa  nepCKHCii, 

MOAb/A 

0,04 

0,02 

0,01 

0,005 

Mojiu  HGl  iia  MOJih  nepenucu 

IlepeKHCB  6eH30Hna  . . 

— 

5,27 

5,65 

13,95 

flH5eH3njjnepoKCiiAiiKap- 

6oHaT 

19,7 

39,4 

66 

fliiAHKjioreKCHjinepoKCH- 
AHKap^onax  

12,0 

41,0 

64,5 

112 

IlepeKHCB  I BsaHMOAeiiCTByeT  c CCU  BCJieACTBrie  aTaKH  na  pac- 
TBopHTejiB  ‘CHs-pasHKajioB,  B pesyjiBTaxe  Hero  nojiynaeTCfl 
CH3Cl;C6HiiS020*-paAHKaji  c CCkne  pearnpyeT.IIpH  otom  6hjih  bbi- 
AeJieHBi  ii;HKJioreKcaH-  n ii,HKJioreKceHcyjrB(|)OKHCJiOTH  h MexHJiOBHii 
34)Hp  n,HKJioreKcaHcyjiB$oKHCJioTH.  CjieftyeT  oTMexHTB,  hto  moth- 
jiOBBiii  3$iip  o6pa3yeTCH  npn  peaKi],HH  I bo  Bcex  pacxBopHTeJiHX. 
9x0  MOJKHO  o6bhchhxb  MOJieKyjiapHBiM  pacnaji,OM  nepeKHCH,  npn 
KoxopoM  oSpaayexcfl  npoMea^yxoHHBrn  peaKu;HOHHBiii  KOMnjieKc: 

^fQl— -CR 

/ X 

CsH,,/  ' y-O  > CsHirSOjOCHj  + GO, 

S^npBi  Moryx  nojiyHaxBca  xaKjKC  npM  peaKii;HH  c pacxBopHxejieM. 
TaKoe  nojiOHceHHe  Ha6jiiOAajiocB  npn  peaKii;HH  I c n,HKJioreKcaHOM, 
npii  KoxopoH  o6pa30BBiBajica  n;HKJioreKCHjiOBHH  a(|)Hp  ii,HKJioreK- 
caHcyjiB(|)OKHCJioxLi.  B 9X0M  cjiynae  mm  oSnapyjKHJiH  xaK>Ke  Mexit- 
jioBMH  3(|)Hp.  J],pyroM  npoi];ecc  MOJieKyjiapiioro  pacna^a  b cjiyaae 
I aaKJiioHaexca  b oGpasoBanHH  HenpefleJiBHBix  khcjiox,  hxo  mojkho 
o6x>acHHXB  nepexoflOM  H H3  HHKJioreKCHJiBHoro  a^pa  k KHCJiopo- 

Ay  CeHiiSOeO -paflii.  ajia: 


9xox  npoii;ecc  HaSjiioAaexca  bo  Bcex  cjiyaaax,  ^aacenpa  peaicipr- 
ax,  KOxopBie  iiflyx  b cnapxoBLix  pacxBopax.  ITpa  bxom  BCJieAcxBae 
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B3aHMOji;eHCTBHH  pa^HKajia  co  cnHpxoM  sHaTOxejibHO  yMenbinaexcH 
KOJiHHecxBO , o6pa3yioiii;eMH  nenpeflejiBHOH  khcjioxij.  B pacxBope 
B ecu  KOJiHB:ecxBo  nocjieAHeii  3HaTOxejibHO  BBime. 
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Summary 

The  reaction  of  peroxides  with  solvents  has  been  investigated 
in  great  detail  for  the  case  of  acyl  peroxides  and  hydroperoxides. 
In  recent  years  papers  have  been  published  on  the  synthesis  of 
a number  of  new  peroxide  polymerization  initiators,  but  their 
degradation  in  various  solvents  is  as  yet  insufficiently  clear. 

Of  considerable  interest  are  esters  of  percarbonic  acids  and 
acetylcyclohexylsulfonyl  peroxide. 

We  have  studied  the  kinetics' and  the  products  of  the  thermal 
degradation  of  acetylcyclohexylsulfonyl  (I),  dibenzyl  (II)  and 
dicyclohexylperoxidecarbonate  (III)  in  various  solvents.  It  has 
been  shown  on  the  basis  of  the  kinetic  data  that  the  degradation 
is  first  order  with  respect  to  the  peroxide.  The  activation  energies 
for  the  reaction  in  benzene,  isopropyl  alcohol  and  carbon  tetra- 
chloride have  been  calculated. 

It  is  suggested  that  the  primary  process  is  decomposition  of 
the  peroxide  to  free  radicals  according  to  the. scheme: 
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O’ 

ROC'^  - RO"  + COj 

In  solvents  easily  giving  up  hydrogen,  such  as  isopropyl  alco- 
hol, hydrogen  is  removed  with  the  formation  of  sulfo  acids  from  1 
and  the  corresponding  alcohols  from  II  and  III: 

0 

/ 

C6HiiS020-  + R'H^C6HiiS  — OH  + 'R' 


RO*-hR'H-^  ROH+-R' 

In  benzene  and  carbon  tetrachloride  the  ensuing  free  radicals 
disproportionate,  forming  chiefly  unsaturated  sulfoacids  on  de- 
gradation of  I,  and  carbonyl  compounds  and  alcohol  on  degrada- 
tion of  II  and  III. 

2C6HiiS020‘  CeHeSOaOH  + CeHnSOaOH 
0 

2C6H5CH20’-^  CeHsC  + CeHsGHaOH 

\ 

H 

It  should  be  mentioned  that  no  product  of  interaction  with 
the  solvent  were  revealed  whatsoever  on  degradation  of  peroxy- 
dicarbonates  in  benzene.  In  the  degradation  of  acetylcyclohexyl- 
sulfonyl  a resin  was  isolated  of  which  the  nature  was  determined 
by  decomposition  in  labelled  benzene. 

Also  in  the  degradation  of  I,  methylsulfonate  was  detected, 
the  amount  of  which  almost  underwent  no  change  on  variation  in 
concentration  of  I,  giving  grounds  to  the  assumption  of  its  forma- 
tion from  the  molecular  decomposition  of  the  initial  peroxide: 

CeHiiSOaOOGOCHg  ^ GeHnSOgOGHs  GO2 


Resume 

Les  reactions  des  peroxydes  avec  les  solvants  ont  ete  etudiees 
d’une  maniere  tres  detaillees  pour  le  cas  des, peroxydes  ethydro- 
peroxydes.  Les  dernieres  annees  on  a publie  des  travaux  concer- 
nant  la  synthese  d’une  serie  de  noiiveaux  peroxy-initiateurs  de 
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polymerisation  mais  leur  decomposition  dans  de  divers  solvants 
est  encore  etudiee  d’une  fa^on  insuffisante. 

Un  grand  interet  est  present^  par  esters  peroxycarboniques  et 
peroxyde  d’ acetyl cyclohexylsulfonyle. 

Nous  etudions  la  cinetique  et  les  produits  de  decomposition 
thermique  d’acetylcyclohexylsulfonyleperoxyde  (I),  dibenzyle- 
(11)  et  (II)  dicyclohexyle-peroxydicarbonates  (III)  dans  divers 
solvants.  En  se  basant  sur  les  donnees  cinetique  on  a montre  que 
la  decomposition  suit  I’equation  du  premier  ordre  pour  le  pero- 
xyde. Les  valeurs  de  I’energie  d’activation  pour  la  decomposi- 
tion dans  le  benzene,  I’alcool  isopropylique,  le  tetrachlorure  de 
carbone  etc.  ete  calcules. 

On  admet  que  le  processus  primaire  consiste  en  decomposition 
des  peroxydes  en  radicaux  libres  selon  le  schema: 


0 0 0 

CoHnS  — 0 — O — C - CeHnSOsO'  -|-  CH3C  . 

\ \ . 

0 CH3  O' 


, 

CHgC  CH3  -h  CO2 

^0- 


0 


0 


ROC  — 0 — 0 — C — OR^  2R0G 


\ 


O' 


0 

ROC  - R0‘  + CO2 


Dans  des  solvants  qui  possMent  Thydrogene  mobile  ainsi  que 
Talcool  isopropylique  se  produit  la  rupture  de  Thydrogene  suivie 
par  la  formation  de  Tacide  sulfonique  a base  de  I,  et  des  alcools 
cprrespondants  a base  de  n*et  III: 

0 

Z' 

C6HiiS020-+ R'H^  CeHnS  ~OH+*R' 

\ 

RO' -h  R'H ROH  + -R' 
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Au  sein  du  benzene  et  du  tetrachlorure  de  carbone  les  radicaux 
libres  formes  sont  disproporbionnes,  lors  de  decomposition 
I etant  produit  I’acide  sulfonique  et  lors  de  decomposition  II 
et  ni,  le  compose  carbonilique  et  Talcool. 

2G6H11SO2O'  CeHeSOaOH  + CcHnSOsOH 
0 

2C6H5CH20-  ^ CeHsC  + CeHsGHsOH 
\ 

H 

11  est  necessaire  de  marquer  que  pendant  la  decomposition 
des  peroxydicarbonates  en  milieu  du  benzene  on  n’a  pas  trouve 
les  produits  d’interaction  avec  le  solvant.  Par  suite  de  la  decompo- 
sition du  peroxyde  d’ acetyl cyclohexylsulfonyle  on  a separe  une 
resine  dont  la  nature  etait  determinee  par  decomposition  dans  le 
benzene  marque 

Au  cours  de  decomposition  on  a egalement  separe  Tester  me- 
thylique  d’acide  sulfonique  la  quantite  duquel  ne  change  presque 
pas  durant  la  variation  de  la  concentration  I ce  qui  donne  la  rai- 
son de  supposer  que  sa  formation  se  realise  au  depens  de  decompo- 
sition moleculaire  du  peroxyde  initial: 

GeHiiSOsOOCOCHg  CcHnSOsOGHg  CO2. 
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AHeHOBHMH  COeAHHeHHHMH  C COnpHJKeHHOH  CHCTeMOH  ABOfeHX  CBH- 
3eH  MH  ero  coBMecTHyio  nojiHMepn3aB,Hio  c xjioponpenoM, 

^ToponpeHOM  H H3onpeHOM.  Onpe^ejiGHHe  KOHcxanT  coBMecTHOH 
nojiHMepH3aD;HH  noasoJiHJio  ycxanoEHTb  cbh3B  Me>K;i.y  cxpoenneM 
nepeHHCJieHHHX  ^HenoBHx  coeAHHennH  n bjihhhhgm  aaMecxHxeJieH 
Ha  Hx  peaKi];HOHHyK)  chocoShocxb,  a xaKJKe  cocxaBHXb  paji;  oxho- 
CHXeJIbHHX  aKXHBHOCXen  MOHOMepOB  H pa^HKaJIGB. 

Ohhxh  no  KaxajiHXHHecKOH  nojiHMepnsai^HH  FOB  c npHMene- 
HHOM  ^HcnepcHH  iii;ejioHHiiix  MexajiJioB  (Haxpna,  Kajina,  jiiixhh) 
^ajiH  oxpHn;axejibHbie  peayjibxaxk.  nojiHMepH3aii,Hfl  FOB  xaK>Ke 
He  npoHCxo^HJia  npn  npHMeHeHHH  AICI3  b HHxepBajie  xeMnepaxyp 
ox  — 80  AO  +20°.  nojiHMepH3ai];HH  FOB  b roMoreHHon  Macce  h 
B BOAHOH  AHCnepCHH  C npHMGHeHHeM  paaJIHHHHX  HHHAHaXOpOB  AaJia 
xaKJKe  oxpHii;axejibHbie  pesyjibxaxbi.  Bojiee  6jiaronpHHXHHe, 

HHe  6biJiH  nojiyaenbi  npn  npoBeAenHH  noJiHMepH3an;HH  b aMyjibciiH 
c npHMeHeHHeM  KaxHOHoaKXHBHoro  anyjibraxopa  * acxepaMHHa 
((C2H5)2  NCH2CH2OCOC11H23)  (34)Hpa  AHOTHJiaMHHOaxaHO- 

HOJia  H JiaypHHOBOH  KHCJIOXbl).  B npHCyXCXBHH  aHHOHOaKXHBHblX 
3MyjibraxopoB  nojiHMepM3aii,HH  ne  npoHCxoAnJia.  CjieAyex  yKaaaxb, 
Hxo  oxHOCHxeJibHo  cxa6HJibHaH  3MyjibCHH  c acxepaMHHOM  oSpasyex- 
CH  xoJibKO  B HanaJibHOH  cxaAHii  nojiHMepH3aii,HH  npn  HHxeHCHB- 
HOM  nepeMeniHBaHHH.  Ho  Mepe  o6pa30BaHHH  noJiHMepHHx  aaoxup 
npoHcxoAHx  HX  BHHaAeHHe  h3  BMyjibCHH  c oSpaaoBaHHeM  Ancnep- 
CHH,  HXO,  nO-BHAHMOMy,  CBHSaHO  C,  HeSHaHHXeJIbHOH  paCXBOpHMO- 
cxbK)  MOHOMepa  B nojiHMepHbi^;  HacxHu;ax  h neAocxaxoHHOH  copS- 
ii;hohhoh  cnoco6HOCXbK)  nojiHMepHHX  HacxHn;  no  oxHonieHnio  k 
KOJiJiOHAHHM  nacxHAaM  aMyjibraxopa. 

OCHOBHbIM  (|)aKXOpOM,  OnpeABJIHIOEAHM  aKXHBHOCXb  FOB  B npo- 
n;ecce  nojiHMepH3an;nH,  aBjiaexcH  ero  HHcxoxa.  FOB,  nojiyneHHbiH 
no.  cnoco6y  Mnaaepa  [8],  noABepraan  nocaeAOBaxeabHon  xhmh- 
aecKOH  oHHCxKe  h paaroHaan  na  aHaaHxnaecKOH  peKXH(|)HKan,HOHHOH 
KoaoHHe  (50  xeopexHaecKHx  xapeaoK),  npHaeM  oxSnpaan  $paK- 
AHK)  c X.  KHH.  +6°.  ^aa  aynmen  ohhcxkh  ox  npHMecen  FOB  rioA- 
Bepraaii  aacxHHHOH  noaHMepH3an,HH  b aMyabCHH  (na  5%)  c nocae- 
AyK)n];eH  oxroHKoii  nenpopearnpoBaBmero  MOHOMepa.  TeMnepaxypa 
KHneHHH  OHHrAeHHo  aKHM  nyxeM  ' FOB +6°,  df  1,553,  axo 
oxBeaaex  anxepaxypHbiM  a^hkhm  [8]. 

ycaoBHa  npoBeAGHHa  npon,ecca  h AS^HHHe  0 BanaHHH  paAa  oc- 
HOBHbix  $aKxopoB  Ha  noaHMepH3aii;HK)  FOB  Kan  oxAeabHO,  xaK  ii 
coBMecxHo  c xaoponpeHOM  H3ao>KeHbi  b naninx  coo6ni;eHHax  [9]. 
B CBa3H  c 3XHM  MOJKHO  orpaHHHHxbCH  aHHib  npHaeAGHHeM  OnXH- 
MaabHHx  ycaoBHH  npoBeAenna  noaHMepH3aii;HH:  anyabraxop  — 
BCxepaMHH  (KoimeHxpaAHH  5%);  cooxHomeHne  BOAa  : MOHOMep  =. 
= 2,5—3  : 1;  pH  cpeAbi  = 1 — 3;  noBbinieHnepH  cpeAbiAo5  Bbiabi- 
Baex  pe3Koe  saMBAaenne  CKopocxH  noanMepnaai^HH  FOB  (anaaornM- 
Hbie  peayabxaxfci  6HaH  noayaeHbi  npn  coBMecxHon  noaHMepnaapHU 
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xjioponpena  c FOB  (MOJiapnoe  cooTHOineHHe  7:3),  aTo,  ho-bh- 
AHMOMy,  cBHsaHO  c rn^pojiHBOM  KaTHOHoaKTHBHoro  aMyjibraxopa); 
HHHii;HaTop  — nepcyjib(|)aT  Kajina  (0,6  moji.%). 

OKHCJiHTeabHO-BoccTanoBHTejiLHHe  CHCTeMH  OKasajiiiCL  Majio- 

B HaaajibHOH  CTa^Hii  CKopocxb  nojiHMepH3aii;HH  Boapacxaex, 
a B AajibHeHineM  pesKO  saMe^Jiaexca,  axo,  nO“BHfl,HMOMy,  CBasaao 
c ycKopenneM  pacna^a  HHHi];Haxopa. 

noaHMepH3ai],HK)  npoBOAHJiH  npn  50,  60  h 70°;  npn  70°  naSjiio- 
AaJiocb  o6pa30BaHHe  MacJioo6pa3HLix  HHSKOMOJieKyjiapabix  npo- 
flyKxoB  noJiHMepn3ai];HH.  IIojiHMep  BHAeaaJin  MexanoaoM,  oxMti- 
BaJiH  H cyniHJiHB  BaayyneB  axMOC(|)epe  a30xa  ]j,o  nocxoaHHoro  Be- 
ca.  nojiHMep  FOB  nojiyaea  b BH^e  CBexjioro  noponiKa  c x,  na. 
131°. 

FIohbixkh  npeccoBaHHa  ero  noff  ^aBaenHeM  150—300  kF/cm^ 
npii  KOMHaxHOH  xeMnepaxype  h npn  HarpeBaanH  xennepaxypLi 
naaBaeana  ae  npaBeaa  k aoayaeaaio  apoaaoro  o6pa3aia  noaaMepa, 
BBefleaae  ycaanxeaea  (aKXHBHoro  KpeMaeaeMa)  aa  ropaaax  saat- 
i];ax  B KoaaaecxBe  ao  50%  ae  apaBeao  k aoBtlmeaaio  npoaaocxa. 
IIoaHMep  Stia  aepacxBopaM,  BcaeAcxBae  aero  oapeAeaeaae  Moae- 
Kyaapaoro  Beca  ocMOMexpaaecKHM  a BacKoaHMexpaaecKHM  mgxo- 
AaMH  ae  apeACxaBaaaocb  BOSMoacaHM. 

Bnaa  apoBeAeaa  coBMecxaaa  noaHMepaaaAaa  xaoponpeaa  c 
FOB  B 3Myai>CHH  npa  hcxoabeix  MoaapaBix  cooxaomeaaax  Moao- 
MepoB,  paBBHX  9 : 1,  7 : 3;  5 : 5,  a 6HaH  paccaaxaHij  Koacxaaxbi 
ax  coBMecxaoH  aoaaMepasaaHH,  oKaaaBmaeca  paBaBiMH  n = 5,52 
a ^2  = 0,10.  HapaAy  c bxhm  6Braa  nayaeaa  coBMecxaaa  noaaMe- 
pHsaAHa  xaoponpeaa  c FOB  b pacxBopaxeaax  AHaaxoMexpaaecKHM 
MexoAOM. 

Bbiao  ycxaaoBaeao  Baaaaae  ocaoBaBix  ^aaxopoB  aa  CKOpocxB 
noaHMepHaaAHH:  npapoAH  pacxBopaxeaa  (xaopo^opM,  xaopOea- 
3oa,  6eH3oa,  aexBipexxaopacxBia  yraepoA),  KOBAeaxpaAHH  b pa- 
cxBopax,  npapoAH  HBHAHaxopa  a ero  KOBAeaxpaAna,  cooxHome- 
aaa  MoaoMepoB  b acxoAaoa  CMeca  a xeMnepaxypBi  noaaMepaaaAHH. 
Ha  ocBOBaaaa  axax  AaaaHx  coBMecxayio  aoaaMepaaaAaio  yaasaa- 
aBix  MOBOMepoB  c FOB  npoBOAaaa  b caeAyioni^ax  ycaoBaax: 
pacxBopaxeaB  — 6eB3oa;  cooxBomenae  MoaonepH  : 6eB3oa  = 

: 1;  aaaAaaxop  — raApoaepeKacB  a3onponaa6eB3oaa  (0,6% 
Moa.);  xennepaxypa  50°;  MoaapaBie  cooxBomenaH  coMoaoMep: 
: FOB  = 2,5  : 7,5;  6 : 5 a 7,5  : 2,5.  PesyaaxaxH  ohhxob  no  cobmo- 
cxBoa  BoaaMepaaaAaa  xaoponpeaa  a FOB  b Seaaoae  npaBeAeaBi 
aa  pac.  1 a. 2,  aa^KOxopBix  caeAyex,  axo  CKopocxB  noaaMepaaaAaa 
yMeaBBiaexca  c yBeanaenaeM  coAepjKaaaa  FOB  b acxoAHoa  cMe*- 
ca;  OAHOBpeMeaao  yBeaaaaBaexcH  ero  coAepjKaaae  b conoaaMepe. 
TeMnepaxypa  b apeAeJiax  40 — 60°  OKasBiBaex  aamB  BeaaaaaxeaB- 
Boe  Baanaae  aa  cocxaB  conoaaMepa. 
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KoHCTaHTH  coBMecTHOH  conojiHMepH3aD;HM  xjioponpeiia  c FOB 
6hjih  paccHiixaHLi  no  oSmeMy  HHTerpaJibHOMy  ypaBHenmo  cocxaBa 
[10].  Fpa^HnecKHM  MexoflOM  6hjio  naHAeno,  nxo  n = 5,47,  r2  = 
= 0,1.  3xh  3HaneHHH  coBnaAajox  c a^ihhhmh,  HaHAeHHBiMii  npii 


WO  200  m 

dpeMR,  yacb! 


PhC.  1.  OaBHCHMOCTb  CKOpOCTHnOJlHMepHaaAHHOT  HC- 
XOAHOrO  COOTHOmeHHH  MOHOMepOB,  CoOTHOmeUHe 
MOHOMepH  : 6eH30Ji=l  : 1;  xeMnepaxypa  ^-50°;  hhh- 
AnaTop — THAponepeKHCb  H3onponHJi6eH3oaa 
(0,6  MOJi.  %). 

MojiflpHoe  cooTHomcHHe  xaoponpeH  : rOB: 

1—2,5  : 7,5;  2—5  : 5;  3—7,5  : 2,5. 

COBMOCTHOH  nOJIIIMepH3ai],HH  yKasaHHBIX  MOHOMepOB  B DMyjIB- 
CHH  H paBHBIMH  Tl  — 5,52,^  r2  — 0,1. 

AHajioriinHBiM  o6pa30M  no  yKasannoMy  peAenxy  b yKaaannBix 
cooxHomeHHHX  npoBOAHJiH  coBMecxnyio  nojiHMepH3aii;nK)  (J)xoponpe- 


Phc.  2.  H3MeHeHHe  cocxaB  conojinnepa  b xoag 

COBMeCTHOH  nOJIHMepHSaAHH,  B SaBIICHMOCTH  OT  HC- 

xoAHoro  COOTHOmeHHH  xjioponpeH  : 

MojiHpHoe  cooTHomeHHe  mohomcpob: 

1—7,5  : 2,5;-2— 5 : 5;  3— 2,5— 7,5. 

na  H naonpena  c FOB.  HaocnoBO  AannBix  o cocxaBe  conoJiHMepoB 
AJiH  yKaaaiiHHX  nap  6hjih  paccnnxanBi  KOHCxanxBi  coBMecxHoii 
noJiHMepH3an;HH  no  o6ni;eMy  HHxerpajiBHOMy  ypaBHennio  cocxaBa. 

Bhjih  paccHHxaHH  BepoHXHocxH  coAep^Kaniifl  xhhob  CBaaeii 
B conojiHMepax  n pacnpeAeJicnnH  cpcAHiix  aJihh  sBeuBCB  mohomo- 
poB  B conojiKMepax. 

5 MewAyHapoflHufi  cuMiiosHyM,  ceKana  2 , . 05  - 
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Ha  ocHOBajiijH  aHaneHHH  KOHcxaHT  coBMecxHOH  nojiiiMepHaai^MH 
xjioponpeHa,,.$ToponpeHa  H nsonpena  c o^hhm  o6ih,hm  MOHOMepoM 
reKca(|)Top6yTaji,HeHOM-l , 3 , ' moh<ho  y CTanoEHTB  oTHOciiTe Jitny k) 
aKTHBHOCTb  axHx  MOHOMepoB  no  oTHomeHHH)  K oCmeMy  pa^HKajiy, 
npn^GM  npHHHMaeTCH,  ^to  KOHCTaHxa  peaKii,HH  pa^HKaJia  FOB 
c ero  MOHOMepoM  pasna  eAHHHi];e.  KoHCxaHTLi  coBMecTHon  hojipi- 
MepH3aii;HH  HayneHHBix  cncxeM  MOHOMepoB  BLipajKaioxcH  cjieflyio- 
mHMH  BejiHHHHaMH:  xjioponpeH  — FOB  n = 5,47,  ;’2  — 0,10; 
(|)xoponpeH  — FOB  . n = 2,92,  rz  = 0,24;  Haonpen  — FOB, 
n = 1,19  +0,12,  ./'2  ^ 0,78  ±0,05;  xjioponpen  — Hsonpen 
n = 3,65  +0,11,  rz  ~ 0,133  +0,025  (II);  xjtoponpen  — (|)xo- 
ponpeH  n — 3,70,  rz  = 0,22  (no  ^aHHtiM  H.  B.  PoKiixancKoro 
H P.  JI.  Pa6HHOBHn^  BHHHCK). 

B xa6jinn;e  npnBeAeHLi  sHanennH  oxHocnxeJibHLix  aKXHBHOCxeH 
MOHOMepOB  H pa^HKajiGB. 


MoHowepu 

- ^ • 

PaaiiKajTbi 

roB 

Hsonpena 

(J)TOpO- 

npena 

XJIOpO- 

npena 

XaoponpeH 

"10,0  . 

7,50 

4,50 

. 1,00 

: <I)TOponpeH 

4,16 

— 

1,00 

0,30 

-.Msonpen  ......... 

1,27 

1,0 

0,27  . 

FeKca^TopGyTaAHeH  . . ' . . 

1,00 

0,84 

0,34 

0,17 

Kan  BHAHO  H3  xa6jiHii,H,  npn  paccMoxpennH  aKXHBHOcxn  moho- 
MepoB  no  oxHomennio  k paji;HKajiy  FOB  xjioponpen  aKXHBnee  mo- 
HOMepnoro  FOB.b  10  pa3,  nsonpena  — b 8 pas,  a ^xoponpena  — 
B 2,4  pasa.  IIojiyHeHHBie  A^HHue  naxoflaxcn  b coox'BexcxBnn  co 
CKopocxaMH  pasfleJibHOH  noJinMepnaai^nn  paccMOxpenHbix  moho- 
MepoB  B 3MyjiBCHH  (pHC.  3),  nojiHMepH3ai^HK)  KOTopHX  npoB03n.Trn 
B ycjioBHax,  npHBe^eHHtix  panbme  FOB. 

yBejinnenne  aKTHBHOCXH”  xjioponpena  no  cpaBnennio  c 6yxa- 
AnenoM  oGbacnaexca  nojiapHsar^nen  MOJieKyjiH  xjioponpena  noA 
BJinanneM  axoMa  xjiopa,  b pesyjibxaxe  CMen^enna  aJieKxpoHHon 
njioTHOCxn: 


CHj=^— CH=CH, 


© ® 

CH, 

I 

G1 


B peayjibxaTe  chjibho  BHpajKeHHOH  nojiapnocTH  (AnnontHHH  mo- 
MeHT  = 1,42  Z))  MOJieityjiBi^xjioponpeHa  b 6ojibmeH  cxeneHH  opH- 
CHXHpoBaHH  oflHa  K flpyroH  B no;iio»:eHHH  1,4  h oSjiasaiox  6ojibineM 
aKxiiBHOcxbK)  B npoi^ecce  nojiHMepHaai^HH.  Oxoponpen  ycxynaex 
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no  aKTHBHOCTH  xnoponpoHy.  BBeAenne  b MOJieKyjiy  6yTaAHeHa-l,3 
aTOMa  (J)Topa  b nojiojKenne  2 TaK?Ke  npHBOAHT  k CMemennio  bjickt- 
poHHoii  nJiOTHOCTH,  HO  aTOM  (|)TOpa,  KaK  6ojiee  noJinpHun  no  cpae- 
HeHHK)  C aTOMOM  XJIOpa,  OTTHrHBaeT  BJieKXpOHHyK)  nJIOTHOCTb 
Tc-ajieKTpoHOBB  SojiBmencTeneHH,  ^om  xjiop,  n tom  caMHM  npenax- 
CTsyex  ee  CBo6oAHOMy  nepeMemennio  b MOJienyjie,  ni^o  npnBOAnx 
K nOHH>KeHHIO  aKXHBHOCXH  HO  CpaBHCHHIO  C XaopOnpOHOM. 


0 z u 6 Q 10  n n m w 20  22  24 


bpeMH.mcbi 

PhC.  3.  CKOpOCTb  nOJIHMepH3aU,IIH  MOHOMepOS 
B 3MyJItCHH: 

1 — xjioponpen;  2 — (JiTOponpen,  6 — HsonpeH,  i — rew- 
ca$TOp6yTaAHeH-l,3.  • 

MexHJiBHaa  rpynna  b naonpene  b BiianHxejibHO  MeHbnien  cxene- 
HH,  neM  axoMH  xjiopa  hjih  4)Topa,  BJinnex  Ha  CMeii;eHHe  aJieKxpoH- 
Hoil  HJIOXHOCTH.  9x0  npOHBJIHeXCH  B BeJIHHHHe  ^HnOJIBHOrO  MOMOH- 
xa  naonpena  (0,38  D),  b peayjibxaxe  aero  HaonpeH  oSaa^aox 

aHannxeJiLHO  MeHtmen  aKXHBHOCXBio  b peaKi];HHX  noJiHMepnaaniHH, 
HOM  (|)xoponpeH  h naonpen. 

y FOB  Ha6jiH)AaeTCH  aHannxejiBHoe  noHHHceHne  aKXHBHOCXH 
B peaKi^HflX  nojiHMepH3an.HH  h coBMecxHon  nojinMepHaan;™.  9xo 
nejibaa  o6bacHiiTi>  aa  cnex  cxepHaecKHX  npenaxcxBHH,  xaK  Kan 
xexpa(|)xopaxHJieH,  y Koxoporo  Bce  axoMbi  Bo^opo^a  xaKjKe  aaivie- 
n^eHH  Ha  $xop,  npesocxojiiax  no  CBoen  aKXHBHOCXH  b peaKi^nax  pa- 
^^HKajibHoii  nojiHMepHaau;HH  axnJien  h AajKe  Syxa^HeH.  Bobmoh^ho, 
axo  axo  nonnaceHne  aKXHBHOCxn  FOB  no  cpasHenHio  c xexpa(|)XOp- 
aXHJIOHOM  II  ApyrHMH  paCCMOXpeHHblMH  fl,IieHOBHMH  COeAHHeHHaMH, 
CBaaano  c xom,  axo  noA  BJiHanneM  nojiapnbix  axoMOB  $xopa  aaeax- 
poHHaa  naoxHOCXb  b MOJieKyjie  FOB  o6aaAaex  orpaHnaeHHoii  cno- 
co6HOCXbio  K CMeiAGHHio  H 7r-3JieKxpoHbi  jioKajinaoBaHbi  y Kaa^AOH 
ABOHHoii  CBaan,  axo  ocjia6jiaex  a^^^enx  conpajKeniia  hjih  hojiho- 
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CTBK)  aHHyjiHpyex  ero.  B peayjibTaxe  axoro  FOB  npnSjiHH^aexcH 
no  pacnpeji;eJieHHH)  ajienxpoHHBix  njioxHOCxen  k CHCxeMe  h3  AByx 
HsojinpoBaHHLix  abohhhx  cBasefi,  aKXHBHocxb  Koxopbix  B peaK" 
AHHX  npHcoeAHHeHHK  H oco6eHHo  B paAHKajiBHHx  peaKAHnx  oc- 
Jia6jieHa  noA  BJiHHHHeM  axoMOB  (|)xopa  h BsauMHoro  aKpamipyio- 
mero  a(|)(|)eKxa  o6eHx  nep^xopBHHUJitHux  rpynn.  9xo  naxoAHxcH 
B cooxBexcxBHH  c paneo  npHaeAemitiM  yKasamieM  o noBeAenim 
FOB  B peaKAHBX  AHenoBoro  CHHxeaa  [8],  tab  oh  npH6jiPi>KaexcH 
K cHCxeivie  HBOJinpoBaHHbix  abohhbix  CBaaen  npii  oxcyxcxBUH  npo- 
HBjieHHH  9^(j)eKxa  conpaHcennH. 
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S u mnrar  y 

The  effect  of  conjugation  on  the  reactivity  of  perfluorinated 
d’iolefmes  has  been  little  investigated.  A characteristic  represen- 
tative of  this  class  of  compounds  is  hexafluorobutadiene,  the  ac- 
tivity of  which  in  polymerization  reactions  is  much  less,  than  that 
of  tetrafluoroethylene.  There  is  an  inadequacy  of  published ‘data 
on  the  polymerization  of  hexafluorobutadiene. 
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We  have  investigated  the  conditions  for  the  polymerization 
of  this  compound  and  have  found  that  it  takes  place  only  in  emul- 
sions in  the  presence  of  a cation  — active  emulsifier,  aminoester, 
in  acid  medium  (pH  1,3)  in  the  presence  of  a radical;  type  of  ini- 
tiator. The  effect  of  the  basic  parameters  on  the-  emulsion  polyme- 
rization has  been  investigated.  The  hexafluorobutadiene  polymer 
obtained  in  emulsion  in  contrast  to  the  polytetrafluoroethylene 
is  characterized  by  a low.  melting  point  and  little  stability.  Jt 
is  insoluble  in  most  organic  solvents. 

In  order  to  ascertain  the  relative  activity  of  hexafluorobuta- 
diene as  compared  with  other  dienic  compounds  a study  was  made 
of  its  copolymerization  with  chloroprene,  fluoroprene  and  isopre^ 
ne,  both  in  emulsion  and  in  solution  and  the  reactivity  constants 
were  determined. 

The  monomer  reactivity  ratios  of  the  systems  are  as  follows: 
chloroprene  — hexafluorobutadiene  . 

n ~ 5,47;  = 0,1 

fluoroprene  — hexafluorobutadiene 

n = 2,93;  ^ 0,24 

isoprene  — hexafluorobutadiene 

n = 1,19;  r2  = 0,78,  ' 

On  the  basis  of  the  monomer  reactivity  ratios  in  the  monomer  — 
hexafluorobutadiene  systems  and  of  reported  data  on  the  ratios 
for  chloroprene  — fluoroprene  and  isoprene  — fluoroprene  copo- 
lymerization the  relative  reactivity  of  the  monomers  was  calcula- 
ted with  respect  to  a common  radical,  the  relative  reactivity  con- 
stant of  the  radical  and  its  monomer  being  taken  as  unity. 

Chloroprene  is  10  times  more  active  than  hexafluorobutadiene 
with  respect  to  the  radical  of  the  latter,  isoprene  8 times  and  fluo- 
roprene 2.4  times. 

The  results  are  in  conformity  with  data  on  the  separate  poly- 
merization of  the  monomers  in  emulsion.  The  considerable  fall 
in  activity  of  hexafluorobutadiene  in  polymerization  and  copoly- 
merization reactions  can  probably  be  interpreted  by  localization, 
of  TT -electrons  at  the  double  bonded  carbon  atoms  and  weakening, 
of  the  conjugation  effect  owing  to  a shift  in  electron  density  to  the 
highly  polar  fluorine  atom.  Similar  effects  were  observed  for  he- 
xafluorobutadiene in  the  dienic  synthesis.  \ 
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Resume 

L’influence  du  conjugaison  dans  diolefines  perfluorees  sur  la 
reactivite  est  pent  etudiee.  L’hexafluorbutadiene  est  un  repre- 
sentant  caracteristique  de  cette  classe  de  composes;  son  activite 
aux  reactions  de  polymerisation  est  considerablement  plus  basse 
que  celle  du  tetrafluorurethylene. 

Les  donnees  litteraires  sur  la  polymerisation  d’bexafluorobu- 
tadiene  sont  insuffisantes. 

Nous  avons  etudie  les  conditions  de  realisation  du  processus 
de  polymerisation  de  Thexafluorobutadiene  et  constate  qu’elle 
se  deroule  seulement  ea  emulsion  avec  I’application  d’emulsion- 
nant  a cation  actif,  aminoetber  en  milieu  acide  (pHl,3)  en  pre- 
sence des  initiateurs  dy  type  radicalique.  Une  influence  des  fac- 
teurs  principaux  sur  la  polymerisation  d’hexafluorobutadiene 
en  emulsion  ete  etudie.  Le  polymere  d’hexafluorbutadiene  obte- 
nu  en  emulsion,  contrairement  au  polymere  de  tetrafluorethyle- 
ne  est  caracterise  par  une  basse  temperature  de  fusion  (130°)  et 
faible  resistance.  II  ne  dissolut  pas  dans  la  plupart  des  solvants 
organiques. 

Pour  comprendre  une  reactivite  relative  d’hexafluorobutadie- 
ne par  rapport  a d’autres  composes  dieniques  on  a etudie  sa  copo- 
lymerisation avec  la  chloroprene,  fluoroprene  et  isoprene  en  emul- 
sion et  solutions  et  on  a determine  les  constantes  de  leur  reactivite. 

Les  constantes  de  copolymerisation  des  systemes  des  monome- 
res  etudies  sont  exprimees  par  les  valeurs  suivantes. 

chloroprene  — hexafluorbutadiene 

n = 5,47;  r2  = 0,1 

fluoroprene  — hexafluorbutadimie 

ri  = 2,93;  r2  = 0,24 

isoprene  — hexafluorbutadiene 

ri  ~ 1,19;  r2  = 0,78 

En  se  basant  sur  les  valeurs  pbtenues  des  constantes  de  copo- 
lymerisation des  systemes  monomeres  indiques  avec  I’hexafluoro- 
butadiene  et  sur  les  donnees  litteraires  concernant  les  constan- 
tes de  copolymerisation  du  chloroprene  avec  1’ isoprene  etdu  chlro- 
prene  avec  le  fluoroprene,  on  a calcule  leur  activite  relative 
envers  le  meme  radical;  on  a admis  alors  que  la  constante  de 
reaction  du  radical  avec  son  monomere  etait  egale  a I’unite. 

Le  chloroprene  est  plus  actif  que  I’hexafluorobutadiene  en- 
vers le  radical:  de  ce  dernier  de  10  fois,  de  I’isoprmie  de  8 fois  et 
du  fluoroprene  2,4  fois. 
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Les  donnees  obteiiues  correspondent  aux  donnees  de  polyme- 
risation separee  des  monomeres  indiques  en  emulsion.  Une  dimi- 
nution sensible  de  Tactivite  de  Thexafluorobutadiene  dans  les 
reactions  de  polymerisation  et  copolymerisation  pourrait  — etre 
expliquee  par  une  localisation  de  Ji-electrons  chez  les  atomes 
carboniques  lies  d’une  double  liaison  et  par  1 affaiblissement  de 
Teffet  de  conjugaison  du  a la  derive  de  densite  electronique  vers 
les  atomes  de  fluor  qui  sont  fortement  polaires.  Un^  phenomene 
analogique  a ete  aussi  etabli  pour  I’hexafluorobutadiene  dans  les 
reactions  de  synthese  dienique. 
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peakii;hh  MEmii,EnHoro  obmeha  b npou,ECCE 
PAflHKAJlbHOn  nOOTMEPHSAUHH 

Jl*  M.  FI  u pnoe,  C.  JI.  euuejih 

(CCCP)  ' v 


HayHeiiiie  MOJieKyjiHpHO-BecoBbix  pacnpeAejiGimii  (MBP)  noJiHMe- 
poB,  nojiy^eHHHx  nojiHMepH3ai),HeH  b Sjiokg  npH  6oJibniHx  CTene- 
HHx  KOHBepCHH  ( — 100%),  HOKaaaJio,  ^TO  sanacTyio  HaSjiioAaiOTCfl 
MyjiLTHMOAajibHBie  MBP  c KpaTHHMH  sHa^emiHMH  HaH6ojiee  Bcpo- 
HTHbIX  MOJieKyJIHpHBIX  BGCOB  [1],  HpH  paflHKaJIbHOH  nOJIHMepH- 
3aii;HH  AHeHOB  /i;o  snaTOTejibHbix  CTeneneii  KOHBepciiH  hjih  npn  no- 
JiHMepH3aD,HH  B ycjioBHHX, , 6jiaronpHaTCTByioiu;Hx  nepe^aae  ri;enH 
Ha  noJiHMep,  Ha6jiK)AaeTCH  noHBjieHiie  y MBP  BbicoKOMOJiGKyjiap- 
HHX  «XB0CT0B».  B i^HTHpoBanHOH  pa6oTe  6brjio  noKasano,  hto  tbo- 
pna  pa^HKajibHOH  nojiHMepH3an,HH,  nocTpoeHnaa  c yaeTOM  tojibko 
pGaKn;nH  HHHn,HHpOBaHHa,  pocTa  H oSpLiBa  ii,eneH,  HHKorAa  He  npH- 
BOflHT  K TaKHM  «aHOMaabHLiM»  MBP.  H Hao6opoT,  OHa  npeffCKa- 
3biBaGT  Hx,  ecjiH  yHHTbiBaioTca  BTopiiaHHe  npoi],Gccbi,  HMeK)ru,He 
MecTO  npn  paji^HKajibHOH  nojiHMepH3aH,HH  npn  SoJibrniix  CTenenax 
KOHBepcHH.  TaKHMH  BTopHHHbiMH  npoii;eccaMH  aBJiaioTca  peaKniHH 
Meacji;y  o6pa30BaBmHMHca  ii;enaMH  (ToanGe  MaKpopaAHKajiaMa) 
THna:  1)  Me}Kii,GnHoro  oCMena,  npeffCTaBJiaiomero  co6oh  npon,GCC 
MHoroKpaTHOH  AecTpyKii;HH  (no^  AGiiCTBHeM  paAHKajioB  h c o6pa- 
aoBaHHGM  MaKpopaAHKajiOB)  ii  peKOM6HHaAHH  MaKpopaAHKajioB 

H 2)  nonepeanoro  CBasbiBaHHa  H;enoaeK  (c  aKTHBHpoBaHHHMH  npo- 
Mea^yToaHbiMH  aBGHbHMH),  ne  npnBOAaiHGro  k o6pa30BaHHK)  rejia. 
PaayMeGTca,  hgoGxoahmoh  npeAnocbiJiKon  bthx  npon;GCCOB  aBjiaeT- 
ca  npeABapHTGJibHaa  AecTpyKn;Ha  noJiHMepHLix  ii;eneH  noA  Agh- 
CTBHeM  CBoSoAHbix  paAHKajiOB,  HajiHane  KOTopoH  6hjio  ycTanoB- 
JieHo  B pa6oTax  ^ojironaocKa  c coTpyAHHKaMH,  Cmbtcb  h Apy- 

THX. 

• C AGJibio  nojiyaeHHa  npaMoro  AOKaaaxGabCTBa  cymecTBOBaHHa 
yKasaHHbix  Me?KAenHHX  peaKAHH  (MLI,P)  h ycTaHOBjieima  Bepoax- 
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HOCTM  HX  npOTGKaHHH  HaMH  6hJIH  HOCTaBJIGHbl  GHblTBI  B UOJXQJlhr 
HLix  cncTeMax,  b KOToptix  Mil,?  mobjih  npoTeKaTb  b Sojiee  hjih  mg- 
HGG  «HnCTOM»  BHAG.  B Ka^GCTBG  TBKHX  CHCTGM  HCnOJIBBOBaJIH  CMG-  . 
DiaHHLIG  paCTBOptl  HOJIHMGpOB  (a  TaK>KG  paCTBOpH  nOJIHMGpOB . 
B HHMX  MOHOMGpax),  B KOTOpUX  npOBOJ!,HJIH  TGpMH^GCKOG  paSJIO- 
H^GHHG  HHHn;HaTOpOB  — HCTOHHHKOB  nGpBHTOMX  CB060AHLIX  pa-  . 
AHKaJIOB.  IIpH  npOTGKaHHH  B XaKHX  CHCTGMaX  MIJ,P  HMGJIO  MGCTO' 
o6pa30BaHHe  «rH6pHAHHx»  (rana  6jiok-  h npHBUxLix)  nojiiiMepoB^ 

BLIXOA  KOXOpHX  HBJIHJICB  npHMOH  MGpOH  BGpOHXHOCXM  npOXGKaHIia 
MI],?..  OSpaaoBaHHG  rH6pHAHBix  hojihmgpob  (hogjig  narpoBaHHa 
B xGHGHHG  4 aac.  npii  — 100°)  Ha6jiiOAaJiocb  Hann:  a)  b CMemaH- 
HHX  pacxBOpax  nojincxiipojia  h noJiHHSoOyxHJiGna  b xoJiyoJiG  c koh-^ 
AeHxpaAHGH  noJiHMGpa  2 a/lOO  mji  (npn  cooxhohighhh  nojiiicxMpoJia 
H nojiHH3o6yxHJiGHa  1 : 1 no  BGcy)  b npncyxcxBHH  2—10%  (ox  bg- 
ca  noJiHMGpoB)  ncpcKHCH  6eH30HJia  (IIB)  h MGXHJi^GunjixpMasGHa 
(MOT);  6)  B CMGmaHHbix  pacxBopax  nojincxnpojia  (2  a/100  mji) 

H noJiHH3o6yxnjieHa  (0,7 a/100 ^yt)  B6GH3o jig  b npncyxcxBiiH  2—10  % 
MOT  (ox  cyMMapnoro  BGca  nojiHMGpa).  IIocjig  npoBGAenna  poan- 
AHH  nOJIHMGpHtIG  CMGCH  nGpGOCa^KA^JIH  MGXaHOJIOM,  CyiBHJIH  B Ba- 
KyyMG  AO  nocxoHHHoro  BGca  n aKCxparnpOBajiH  OKxaHOM,  Koxopwii 
coBepmeHHO  hg  pacxBopaGx  nojiiicxnpoji,  ho  pacxBopaex  hojihhso- 
6yxHJiGH  H rnOpnAHHii  hojihmgp  nojiiiH3o6yxHJi6Ha  n noJincxnpoJia. 
yO-CHGKxpbi  norJioiAGHHH  oKxanoBHX  aKcxpaKxoB  B oOjiacxn  250— 
300  JWU  CpaBHHBaJIH  CO  CnCKXpaMH  nOrJIOlAGHHH  OKCXpaKXOB  H3  mg- 
xannaGCKHX  cmgcgh  nojincxnpoJia  n nojmH3o6yxHJiGHa,  Bi>iAepH{aH- 
HBix  nopo3Hb  B npucyxcxBHH  aHaJiornaHBix  kojihhgcxb  HHimiiaxopa 
H npn  xoH  3KG  xeMHGpaxypG.  rnSpHAHtiH  noJiUMGp  (J)HKCHpoBajin 
no  n36BixoaHOMy  (oxhochxgjibho  kohxpojih)  norJioiAeHiiio  na  boji- 
nax  262  n 269\/Vi(Ji,  xapaKXGpnoMy  a*^h  noJincxnpojia.  Ha  pnc.  1 
npiiBGAGHH  yO-cneKxpBi  paAa  iiccJiGAOBaHnbix  hojihmgpob.  Cncxe- 
MBi  noAoSnoro  xnna  ncKJHonnxGJibno  ayBCXBHXGJibHBi  k npuMGcmi 
n KHCJiopoAy*  Ecjih  onHx  npoBOAHJin  6g3  npGABapnxejibnoro  yA^“ 
JiGHHH  KHCJiopoAa,  xo  B oKxanoBOM  9KCxpaKXG  yAaGTCK  o6napyH<nxb 
JiHmb  CJiGAH  nojincxHpoJia.  Kojihhgcxbo  nojnicxiipojia,  cBaaBiBaio- 
lAGrOCH  C n0JIHH306yxiIJIGH0M  B MOAGJIBHBIX  CHCXGMax  axoro  BHAB, 

cocxaBAaex  b cpgahgm  7 — 10  bgc.%  ox  o6ii],ero  seca  noJiUMGpa, 
BRCxparnpoBannoro  OKxanoM.  Ha  chcxgm,  npGACxaBJiaioiAHx  co- 
6oh  pacxBop  nojiHMGpa  b cmgch  pacxBopHXGJia  n Apyroro  MonoMGpa, 
HaMH  HsyaeHBi:  1)  pacxBop  noJiiiHBoSyxHaeHa  b cmgch  xojiyojia  ii 
cxnpoaa  (1  : 1 no  o6i>GMy)  KOHn,GHxpaAHH  1 a/100  mji  b npiicyxcx- 
BHH  — 10%  MOT  (ox  BGca  noaHMepa)  h 2)  pacxBop  noaiiH3o6yxH- 
acHa  B CMGCH  9xHa6eH3oaa  ii  cxiipoaa  (1  : 1 no  o6x»eMy)  KOHAenxpa- 
AHH  3 a/100  B npncyxcxBHH  HE,  MOT  h Apyrnx  HHimnaxopoB. 
IIpH  — 100°  npoHcxoAHaa  noaHMepHsaAiia  cxnpoaa  h 3a  caex  ML(P 
naSaioAaaocb  o6pa30BaHHe  thSphahhx  noaHMcpos,  Koxopoe  (J)hk- 
cnpoBaaocb  xaKJKG  no  yO-noraorAGHHio  OKxanoBBix  oKcxpaKxoB 
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H^nyxeM  He^ejiOMexpH^ecKoro  xHxpoBaHHn;  bhxoa  cocxaBJiHa~5  % , 
HccJieAOBana  6HJia  xaKJKe  cncxeivia,  npeAcxaBjiHioiAaH  co6oh 
5%-HtiH  (no  Becy)  pacxBop  nojiHSyxaAHeHa  b cxnpojie  b npHcyxcxBHH 
0,1  ^/lOO  MJl  AHHHXpHJia  aaOHBOMaCJIHHOH  KHCJIOXH,  B KOXOpOH  npH 
~100°  npoH3BOAHJiH  noraMGpHBaAHio  cxHpoAa.  B cjiy^e  axon 
CHCxeMM  c noJiHCXHpojiOM  3a  c^exMU,?  CBH3BiBajiocb  ao  50%  pa- 

cxBopeHHoro  nojinSyTaAKena, . oAHaKO, 
6ojiee  noJioBHHbi  o6pa30BaBnierocH  b 
axoM  cjiy^ae  rH6pHAHoro  nojiHMepa  hmg- 
jio  cxpyKxypy  reJiH.  Ha  pnc.  2 nona- 
aana  KpHBan  He(j)eJiOMexpH^ecKoro  xhx- 

pOBaHHH  OAHOrO  H3  OKXanOBHX  aKCX- 
paKxoB  H3  npoAyKxa  peaKAHH  b xanoH 
CHCxeMG.  0 xoM,  KaKoro  XHna  rnSpHA- 
HLie  noJiHMepH  6bijih  nojiynenH  b xoh 
HJIH  HHOH  CHCXeMe,  C yBepeHHOCXbH)  CKa- 
3axb  xpyAHO,  OAnaKO  mojkho  npeAno- 
Jiaraxb,  ^xo  bo  Bcex  cjiynanx;  3a  hck- 
jiio^eHHeM  nocJieAHero,  HMejio  mgcxo 
oSpasoBamie  SjiOK-conojiHMepoB  hjih 
npHBHXHX  COnOJIHMepOB,  HO  C MajIHM 

KOJiHHecxBOM  paaBGTBJieHHH,  Hxo  $ak- 
XHHeCKH  aKBHBaJIGHXHO  SjIOK-COnOJIHMG- 
pa&i.  B HocjieAHeM  cjiynae  (5%THbiH 
pacTBop  noJiH6yxaAHeHa  b cxnpoJie) 
HMGJIO  MGCXO  HpiICOGAHHGHHG  AHMGXHJI- 
HHaHMGXHJIbHHX  paAHKBJIOB  K A^OH- 
HblM  CBH3HM  B nOJIO>KGHHG  1,2  (yMGHb- 
niGHHG  HHCJia  ABOHHHX  CBH3GH  6bIJIO 
3a(|)HKCHpoBaHo  no  HK-CHGKxpaM),  no- 
axoMy  B axoM  cjiynaG  nojiynajiH  rJiaB- 
HLIM  o6pa30M  npHBHTLIG  COHOJIHMGpH. 
noJiynaioni^HGca  b MOAejibHbix  cncxGMax 
rnSpHAHHG  nOJIHMGpbl  B BHCmGH  CXG- 
HGHH  nOJIHAHCHGpCHbl,  KBR  HO  pa3MG- 
paivi,  xaK  H no  cocxasy,  nxo  hg  hobbo- 

JIHJIO  npOHBBGCTH  X0HHH6  paCHGXBI  KOH- 

cxanx  cKopocxH  MIJ^P.  Hpocxan  OAGHKa 

BHXOAOB  n03BOJIHGX,  OAHaKO,  SaKJIK)- 
HHXb,  HTO  MGJKAGHHOH  o6mGH  HJIH  MBK- 

poMOJiGKyjinpHan  pGKOMSHHaAHH  npo- 
TGKaGX  C MGHbinGH  BGpOHXHOCXbK),  HGM  pOCX  6OKOBHX  BGX- 
BGH  Ha  HOJIHAHGHOBblX  AGHHX  33  CH6X  BSaHMOAeHCXBHfl , CBO- 
60AHHX  paAHKaJIOB  C APOHHtlMH  CBH3HMH.  MgJKAGHHOH  o6mGH 
XGM  60JIGG  BGpOHXGH,  HGM  60JIbniG  CHOCOSHOCXb  COOXBGXCXByK)in,GrO 
MaKpopaAHKajia  cxa6HjiH3HpoBaxbCH  pGKOM6HHaii,HGH  (axo  6lijio 
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k.Mft 

Phc.  1.  y <l>-cneKTp£i  norjio- 

i — nojiHCTHpojia,  2 — 6JiOK-no- 
aHMepa  CTHpoaa  HHaonpena  (co- 
•CTasa  1:1  no  Becy),  noayncH- 
Horo  no  MeTOAY  rtenefi)>, 

3 — OKTanoBoro  oKCTpaKTa  Ha 
cHCTeMU  nojinH3oeyTHaeH  + no- 
jiHCTiipoa  -j-  1 % IIB  nocae  .npo- 
BeaeHHH  MIIP  B Toayoae  n Tpex 
nepe  ocaHtAennS.  (Konr^eHTpannH 
noaHMepOB  0,05  3/100  mji  CHCla). 
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Phc.  2.  He$ejioMeTpH^ecKoe  xHTpOBaHHe 

a 1 — OKTaaoaoro  aKcxpaKTa  -h3  cHcxeMbi  nojiaOyxaflHeH  + nojiHCTupoji-|-ABHHTpHji 
a30H30MacjiHH0H  KHCJioxu,  2— nojiiicxHp  ojia , 3 — nojiiieyTaAHCHa  (c  — 0,005  ma, 

pacTBopnxeJib  — xojiyoji,  ocaAHxeJib  — axHJiOBbrii  cniipT),  6\  i — SjiOK-conojiiiMepa 
cxHpoJia  H Hsonpena  (nojiyqeHHOro  no  Mexo^y  «>khbhx  Aeneii))),  2 — KOHTpojimoro 
nojiHCXHpojia,  3 — KOHxpojibHoro  hojihh  aonpena,  4 — hx  Mexann qecKOii  CMecii  (c  = 
=0,005  3/100  Ai/i,  cHcxeMa  TOJiyoii— oxnnosuti  cnnpx).  e:  1 — npHBUxoro  conojinMepa 
-cxHpoJia  na  nojiHMexnjiMexaKpnjiaxe  c GojibianM  hhcjiom  OoKOSbix  BexBen  noflHCxnpojia 
(nojiyqeHHoro  npn  iioMoimi  OyxHJinnxnn) ; 2 — KOHxpojibHoro  nojincxHpojia,  3 — koht- 
pojibHOro  nojniMexiuiMexaKpn  Jiaxa,  4 — iix  MexaHnqeoKoa  CMecn  (c  = 0,005  a/lOO  ma, 
cncxeMa  xojiyoji  — axHJiOBua  cnnpx). 
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naMH  noKaBano  TaK}Ke  nyxeM  ^ecTpyKii^HH  nojiMCXHpojia  b 6eH30Jier 
noA  fleHCTBHGM  MOT  npn  120 — 140°  b aTM0C(J)epe  aprona,  ^ecTpyK- 

1I.HIO  KOHTpOJinpOBaJIH  BHCK03HMeTpHHeCKM.  flpH  HHTeHCHBHOM  paC- 
na^e  MOT  naSjiioAajiocb  na^enne  bh3K0cth  na  — 30%,  a nocjie  erO' 
H3pacxoji,OBaHHH  Giia  BOspacTajia  hchth  a6  HCxo^Horo  SHaHeHHH).- 

HoBbie  MeTOji;Li  HfleHTH(|)HKa- 
ii,HH  H anajiHsa  rH6pH/i,Hiiix  hojih- 
MepoB  6bijih  anpoOnpoBaHbi  na. 
«MOAeJiBHLix»  SjioK-conojiHMepax 
H npHBHTHX  COnOJIHMepaX  H3“ 
BGCTHOH  CipyKTypH,  nOJiy^GHHHX 
MGTOaiOM  «}KHBBIX  I^6neH». 

, ynoMHHaBmaiicfl  bbiiug  YO- 

CnGKTpOCKOnHH  n03BOJIHGT  c60JIB- 
IIIOH  TOTOOCTBH)  OnpGflGJIHTB  KO- 
JIH^GCTBO  CBH3aHHOrO  XHMHBGCKm 
nojiHCTHpojia,  Aa>KG  gcjih  ohO' 
COCXaBJIflGT  BCGFO  0,1 — 0,01%  OT  . 
o6in,ero  BGca  HGnorjiom,aioiu,Gro' 
nojiHMGpa. 

IIOQPG^CXBOM  HG^eJIOMGXpH- 
^GCKoro  xHxpoBaHHH  6hjio  noKa- 

3aHO,  HXO  KpHBBIG  OCajKAGHHH 
6jioK-conojiHMGpoB  H cjia6o  pa3- 

BGXBJIGHHLIX  npHBHXBIX  COnOJIHMG~ 

poB  yKJia^BiBaioxcH  MGH^fly  Kpn-^’ 

BBIMH  OCaH^AeHHH  COOXBGXCX-  ' 

Byiomnx  roMonojiHMGpoB,  xor;^a 
KaK  B CJiy^aG  nOJIHMGpOB  C 60JIB- 
niHM  HHCJIpM  npHBHTBIX  BGTBG^ 
OHH  HGOXJIHHHMBI  OX  KpHBBIXOCaJK- 
SGHHH  CHJIBHO  pa3BGXBJIGHHOrO  H 
BHCOKOMOJIGKyJIHpiIOrO  rOMOHO- 
jiHMepa  npHBHxoro  MOHOMopa.. 
yAo6HBIM  6bICXPBIM  KaHGCXBGHHBIM  MGXO^I,OM  HCnBIxaHHH  HBJIH- 
GXCH  npHrOXOBJIGHHG  HJIGHOK  H3  rnSpHflHOrO  nOJIHMGpa  xaKHM  06' 
paaoM,  ^xo6bi  xghjiobog  abhjkghhg  i^gho^gk  o;i;Horo  h3  Asyx  xnnoB; 
OBiJio  nojiHocxBK)  noa,aBJiGHO.  HanpHMGp,  ns  6jioK-conojiHM6pa  cxh- 
pojia  H HsonpGHa  Monmo  nojiynnxB  xnnnnHHG  cxGKJiooSpasHHG- 
njIGHKH  BBinapHBaHHGM  paCTBOpa  B MGXHJiaXHJIKGTOHG  H KayByKO- 
nOJI,o6HBIG  — BBEnapELBaHEGM  paCXBOpa  B OKXaHG.  B XaKHX  njIGH- 
Kax  HGpacxBopHMHH  KOMnoHGHx  HxpaGx  pojiB  Hpocxoro  HanOJIHH- 

XGJIH . 

^JIB  KOJIHHGCXBGHHOrO  aHaJIHSa  HaMH  6bIJI  npnMGHGH  MGXOA,  OG- 

HOBaHHBiH  Ha  yjiBxpanjGHxpH^yrnpoBaHHH  b rpa^HGHXG  hjioxhg^ 

CTH.  CTjiH  OHOJIOrHHGCKHX  CHCXGM  xaKOH  MGXO/^  6bIJI  paHGG  HpO^JIG- 
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Phc.  3 — CeAHMeiiTaanoHiiHe  Ana-  1 
rpaMMH  6jioK-conoJiHMepa  cxupojia 
H iiaonpena  b CHCxeMe  xjtopHCTtiH 
6yTiTJi  — AHXjiopSTaH 

(1  ::  1 no  oGbeMy). 

1 — 120  mhh.;2 — 240  mhh.;  3 — 750  mhh. 
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:>KeH  MecejiBCOHOM.)  CMecfc  roMonoJiHMepoB  h hx  rH6pHAHLiH  no- 
.jiHMep  noABepraiOT  BOSAeHCTBHio  MomiiBix  i];eHTpo6e>KHBix  nojieH 
B CMeCH  paCTBOpHTGJieH,  nO^oSpaHHBIX  TaKBM  o5pa30M,  ^TO  nJIOT- 

HOCTH  nx  npHMepHO  coBna^aiOT  c nJioiHOCTHMH  roMonoJiHMepoB. 
IIo  HCTeneHHH  hgckojibkhx  nacoB  ycTaiiaBJinBaeTca  paBHOBeciioe 
pacnpefleJiGHHe  njioTHOCTii  b^ojib  ceflHMeHTaij^noHHOH  KiOBeTBi  h 


Phc.  4,  MiiTerpaJFbHaH  KpiiBaa  paBiiOBecHoro  pacnpeAe^ieniui  6jroK- 
conojiHMepa  b nojioce. 


jrH6pHflHHH  nojiMMep  coGnpaexcH  b ysKyio  nojiocy  b cepeAHiie  kio- 
^BexBi;  roMonoJiHMepBi,  gcjih  ohh  npHcyxcxByiox,  coSnpaioxca  y mg- 
HHCKa  H Ha  AHG,  oSpasya  xaM  np0:6jiH3H;TGaBHO  6apoMGxpHaGCKHe 
pacnpGAGJiGHHH.  3x0  n03B0JiaGX  B npE[Hii,HnG  onpGAeJiHTB  KaK  ox- 
.HOCHXGJIBHBIG  KOJIHHGCXBa  KOMHOHGHXOB  XpOHHOH  CHCTGMBT,  xaK  H 
.HX  cpGflHHG  MOJiGKyjiapHBiG  BGca.  BGpoHXHO,  fl.jia  rnSpHAHoro 
noJiHMGpa  yflacxca  xaK>KG  oripGAOJiaxB  ^Boimyio  nojiHAHCHGpc- 
.HOCXB. 

OnBiTBi  axoro  po^a  npoAeMOiicxpHpoBaHBi  Ha  pnc. ‘3  h 4. 

HaKOHGH,,  6BiaO  HCCJIG^^OBaHO  paCCGHHHG  pOHXrGHOBCKHX  JiyBGH 
.noA  iviajiHMH  yrjiaMH  pacxBopaMH  rH6pHAHHx  nojiHMGpoB.  IIo  npcA** 

VBapHXGJIBHBIM:AaHHBIM  3TOT  MGXOfl  n03B0JiaGT  yCXaHOBHXB  KaK  pa3- 
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Mepti  MOJieKyjiHpHHx  KJiySKOB  B i^ejioM,  Tan  h pasMepH  oT^eJiB- 
HLix  Sjiokob.  Ha  pnc.  5 npHBej^ena  KpHBan  yrjiOBoro  pacnpe^ejiG- 
HHH  HHTeHCHBHOCTH  paCCeHHHH,  ^eMOHCTpHpyiOn^aH  3Ty  B03M0>K- 
HOCTL. 


IgJy 

J 

Y 

Pile.  5 — SaBHCHMOCTL  Ig  I — 
= f Toro  me  6jioK-cono- 

jiHMepa. 

\ 

Ifp  — HHTeHCHBHOCTb  pacceHHHOFO 

"K 

CuKa-H3Jiy*ieBHH  non  yrJiOM  <p. 

1 — ynacTOK,  xapaKTepnsyicmHfi  paa- 
Mep  Bceft  MOJieKynH,  2 — ynacTOK,. 
xapaKTepnayiomHM  paajiep  GJioKa. 

JI  n 

Tepaxypa 

1.  C.  E.  B p e c Ji  e p,  C.  H.  ^ p e h k e Ji  b,  }K.  tgxh.  (Iihshkii,  25. 


Summary 

Interchain  exchange  reactions  with  the  formation  of  «hybrid»- 
polymers  take  place  in  mixed  solutions  of  two  polymers  or  in  so- 
lutions of  polymers  dissolved  in  «foreign»  monomers,  in  the  pre- 
sence of  free  radical  initiators. 

A number  of  methods,  namely,  nephelometric  titration,  UV 
spectroscopy,  refractometry  and  pycnometry  were  used  to  iden- 
tify and  analyze  the  hybrid  polymers. 

A qualitative  method  for  determining  the  «hybridity»  of  poly- 
mers was  developed.  This  consisted  in  determing  the  optical  and 
mechanical  (relaxation)  properties  of  polymer  films  obtained  from 
various  solvents  (poor  solvents  for  some  and  good  solvents  for  the 
other  blocks  or  branches  of  the  hybrid  polymer). 

For  the  quantitative  investigation  of  systems  containing  the 
hybrid  polymers  a new  method  employing  an  ultracentrifuge  has 
been  developed.  This  is  a modification  of  MeseFsons  method 
(equilibrium  centrifugation  in  a concentration  gradient)  and  con- 
sists in  centrifuging  a mixture  of  two  (homo)  polymers  and  their 
hybrid  polymer  in  a mixture  of  two  solvents  of  which  the  density 
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has  been  so  chosen  that  the  homopolymers  give  the  Boltzmann  di- 
stribution at  the  bottom  and  at  the  meniscus  of  the  cell  and  the 
hybrib  polymer  accumulates  in  a band  in  the  central,  part.  Theo- 
retically the  method  allows  one  to  determine  simultaneously  the 
molecular  weight  distribution  of  all  three  polymers  and  the  compo- 
sition of  the  «hybrid»  polymer. 

The  present  experiments  are  important  in  throwing  light  on 
the  secondary  reactions  taking  place  in  radical  homopolymeriza- 
tion and  leading  to  unusual  multimodal  or  strained  distributions.. 


Resume 

Des  reactions  d’echange  inter chaines  passent  en  solutions  mix- 
tes  de  deux  polymeres  ou  en  solutions  des  polymeres  dans  les  mo- 
nomeres  «etrahges»  en  presence  des  initiateurs  (sources  des  radi- 
caux  libres)  en  aboutissant  a la  formation  des  polymeres  hybri- 
des. 

Pour  identifier  et  analyser  les  polymeres  hybrides  on  a appli- 
que plusieurs  methodes,  a savoir:  le  titrage  nephelometrique, 
tJV  — spectroscopie  ainsi  que  les  deterininations  refractometri- 
que  et  picnomotrique  de  composition. 

Une  methode  qualitative  a ete  elaboree  pour  retablissement 
de  rhybridite  des  polymeres;  cette  methode  consiste  a Tobtention 
des  films  a partir  de  differents  solvants  (bons  pour  des  uns  et  mau- 
vais  pour  d’autres  blocs  ou  chainons  lateraux  du  polymere  hybri- 
de)  suivie  par  I’etude  des  proprietes  optiques  et  mecaniques  de  ces 
films. 

Pour  une  etude  quantitative  des  systemes  qui  contiennent  des 
polymeres  «hybrides»  on  a trouve  une  nouvelle  methode  necessi- 
tant  Putilisation  d’une  ultracentrifugeuse  qui  est  une  modifica- 
tion de  la  methode  de  Messelson  (centrifugation  equilibree  dans 
un  gradient  de  densite)  et  consiste  a ce  qu’un  melange  de  deux  ho- 
mopolymeres  et  de  leur  polymere  «hybride»  est  centrifugue  dans  un 
melange  de  deux  solvants  les  densitos  desquels  sont  choisis  de  fa- 
gon  que  de  les  homopolymeres  donnent  des  repartitions  de 
Bolzman  pres  du  fond  et  pres  du  menisque,  tandis  que  le  polyme- 
re «hybride»  s’accumulesous  forme  d’une  bandeen  partie  moyenne 
d’une  cuvette.  La  methode  en  principe  permet  de  • determiner 
simultanement  les  repartitions  des  poids  moleculaires  des  trois 
polymeres  et  la  composition  du  polymere  «hybride». 

Ces  experiments  ont  une  grande  importance  pour  comprendre 
les  reactions  secondaires,  qui  s’ecoulent  a Thomopolymerisation 
radicale  et  aboutissent  a la  naissanqe  des  repartitions  multimoda- 
les  et  aigues. 
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KINETIC  INVESTIGATIONS 

ON  THE  RADICAL  POLYMERISATION  OF  VINYL  MONOMERS 
IN  PRESENCE  OF  SiCl4 

G.  Hardy,  K.  Nitrai,  G.  Kovues,  V.  P.  Pi 

(Hungary) 


The  investigations  of  the  radical  polymerisation  processes 
making  place  in  presence  of  alien  substances  is  very  promising  not 
only  from  the  point  of  view  of  elucidating  regularities  of  the  po- 
lymerisation processes  but  also  of  obtaining  good  possibilites 
Jor  the  qualitative  and  quantitative  evaluation  of  the  comport- 
ment  of  different  compounds  in  radical  reactions. 

The  comportment  of  compounds  containing  Si  atoms  in 
free-radical  reactions  has  been  scarcely  investigated.  The 
papers  published  in  connection  with  telomerisation  syntheses  U, 
2]  contain  data  mainly  of  qualitative  character  in  connection 
with  the  radical  addition  of  compounds  containing  Si  atomi  to 

.unsaturated  compounds.  . o , j i. 

The  kinetics  of  the  radical  polymerisation  of  styrene  and  met- 
hyl metacrylate  initiated  with  azobisizobutyronitrile  taking  pla- 
•ce  in  presence  of  SiCk  was  dilatometrically  investigated  at  5U, 
€0,  and  70°  (tables  1 and  2).  In  presence  of  SiCk,  the  total  velo- 
city of  polymerisation  of  the  above-mentioned  monomers 
remains  unchanged.  The  chain- transfer  constant  concerning 
SiCk  (figs.  1—6)  are  summarized  in  table  3. 

In  presence  of  SiCk,  the  vinyl  acetate  does  not  polymerise 
when  initiated  with  azobisizobutyronitrile.  , , t 

From  our  experimental  data  the  conclusion  can  be  drawn  that 
the  absolute  value  of  the  chain  - transfer  constant  diminishes 
with  increase  of  the  temperature.  In  case  of  mercaptans,  the  abso- 
lute value  of  the  chain  - transfer  constant  similarly  decreases 
with  increase  of  the  temperature.  In  case  of  CCk,  the  chain- 
transfer  constant  relating  to  CCk  increases  with  the  temperature. 
The  absolute  value  of  the  chain  - transfer  constants  concerning 
5iCk  has  about  the  same  order  of  magnitude  as  the  corresponding 
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Fig.  1 Change  of  the  values  of  1/P  with  the 
SiCl4  concentration  when  polymerizing  sty- 
rene at  50®. 
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SiCU/St 


Fig.  2.  Change  of  the  values  of  1/P,  with 
the  SiCU  concentration  when  polymerizing 
styrene  at  60®. 
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Fig.  3.  Change  of  the  values  of  1/P  with 
the  SiCl4,  concentration  when  polymerizing 
[styrene  at  70®. 
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Fig.  4.  Change  of  the  values  of  1/P  -with 
the  SiCU  concentration  when  polymerizing 
methyl  methacrylate  at  50^^. 
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Fig.  5.  Change  of  the  values  of  1/P  with 
the  SiCl4  concentration  when  polymerizing 
methyl  methacrylate  at  60°. 


Fig.  6.  Change  of  the  values  of  1/P  with 
the  SiCU  concentration  when  polymerizing 
methyl  methacrylate  at  70°. 
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" €ig.  Velocity  of  irradiation  polymerization  of  styrene  as  a function  oi 
the  SiCU  concentration  at  50°,  in  case  of  an  intensity  of  38  000  r/hour. 


Fig.  8.  Velocity  of  irradiation  polymerization  of  methyl  methacrylate  os 
a function  of  the  SiCU  concentration  at  50°,  in  case  of  an  intensity 

of  38  000  r/hour. 
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Table  1 


"Temperature, 

C 

Styrene,  mole. 

ABIN-lO-2 

mole*l“* 

SICI4 

mole-l“‘ 

1 . 10- 

P 

• 50 

8,462 

4,661 

0,390 

1,42 

50 

.8,303 

4,574 

0,1567 

0,360 

1,64 

.50 

8,117 

4,471 

0,3415 

0,290 

. 2,19 

•50 

7,618 

4,196 

0,8383 

0,270 

2,42 

.50 

6,945 

3,826 

1,5068 

0,190 

3,88 

^0 

8,377 

5,344 

0,332 

1,85 

*60 

7,940 

5,218 

0,1930  * 

0,306 

2,03 

•60 

7,660 

4,730 

0,4735 

0,296 

2,09 

•60 

7,680 

4,497 

1,1380 

0,254 

2,55 

•60 

6,120 

4,436 

1,5221  ■ 

0,242 

2,82 

60 

5,120 

• 4,125 

1,8990  I 

0,236 

2,90 

'70 

8,292 

0,953 

0,310 

1,96 

•70 

8,056 

0,926 

.0,3221 

0,305 

2,11 

70 

7,883 

0,906 

0,4045 

0,295 

2,17 

70 

7,291 

0,838 

0,9898 

0,280 

2,31 

.70 

6,801 

0,783 

1,4731 

0,255 

2,64 

Table  2 


Tempe- 
«rature,  i 
®C  ! 

Methyl  metha- 
crylate, mole. 

(ABIN)  iO-2 
mole. 

(SiCU,  mole. 

I-.1 

P 

50 

9,081 

2,477 

1,42 

2,835 

:50 

8,915 

2,432 

0,1496 

1,38 

2,856 

.50 

8,752 

2,387 

0,3210 

1,33 

3,092 

.50 

8,457 

2,307 

0,5924 

1,27 

3,286 

.50 

8,127 

2,229 

0,8829 

1.20 

3,541 

,60 

8,8896 

0,585 

2,13 

1,438 

»60 

8,203 

0,527 

0,8184 

1,70 

2,240 

^60 

7,301 

0,483 

1,5030 

1,52 

2,597 

6,927 

0,455 

1,8390 

1,18 

3,973 

70 

8,888 

0,154 

1,55 

2,526 

70 

8,557 

0,148 

0,3048 

1,50 

2,638 

70 

8,015 

0,139 

1,8050 

1,42 

2,835 

70 

7,268 

0,126 

1,4940 

1,31 

3,154 
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W 20  30  iiO  50  60  70  ,,  80  SiCU%/?f  VOi 

Fig.  9.  Velocity  of  irradiation  polymerization  of  vinylacetate  as  a function* 
of  the  SiCU  concentration  at  50°,  in  case  of  an  intensity  of  . 38000  r/hour. 

values  measured  in  case  of  CCU  although  the  binding  energy  of 
the  Si  — Cl  bond  amounts  to  85,8  kcal  mole“^  while  that  of  the- 
C — Cl  bond  amounts  to  66,5  kcal  mole”^  [5]. 


Tables 

Temperature 

• Chain  transfer 

°C 

constant-  10~* 

50 

113, 6> 

Styrene 

60 

41,2’ 

70 

32,4 

methyl  met- 

50 

8,12 

hacrylate 

60 

4,92 

70 

3,05 

The  velocity  of  irradiation  polymerisation  of  styrene,  methyr 
metacrylate,  and  vinyl  acetate  initiated  by  X - rays  was  mea- 
sured as  a function  of  the  concentration  of  SiCU  by  the  aforemen- 
tioned dilatometric  method.  In  figs.  7 and  8 it  can  be  seen  that 
in  case  of  styrene  and  methyl  metacrylate  the  total  velocity  of 
polymerisation  increases  with  the  concentration  of  SiCh  until 
about  25—30%  by  volume  of  SiCU  concentration,  na- 
mely  in  case  of  styrene  the  increase  is  about  threefold  while  ijh 
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<case  of  methyl  methacrylate  it  is  about  twofold  as  compared  with 
the  pure  monomer;  then  the  total  velocity  of  polymerisation  gra- 
•dually  decreases.  The  reason  of  this  phenomenon  lies  in  the  fact 
that  by  the  effect  of  X - rays,  during  the  radiolysis  of  SiCh, 
radicals  are  formed  and  also  these  radicals  are  able  to  initiat- 
polymerisation.  On  the  other  hand,  beyond  a definite  concentra- 
tion, the  formed  free  radicals  take  part  in  the  chain-termina- 
tion reaction;  therefore,  the  total  velocity  of  polymerisation  de- 
•creases  as  observed  by  A.  Chapiro  in  case  of  CCI4  and  styrol  [6]. 

When  initiated  by  X - rays,  the  vinyl  acetate  polymerises 
in  presence  of  SiCU  (fig.  9),  namely  in  presence  of  about  1%  by 
wolume  SiCU  the  velocity  of  polymerisation  decreases  to  the  third 
value  of  that  of  the  pure  vinyl  acetate,  then  it  increases  until  rea- 
ching the  velocity  of  polymerisation  of  the  pure  monomer.  It 
is  probable  that  in  presence  of  1%  by  volume  SiCU,  during  the 
reaction  of  vinyl  acetate  and  SiCU,  the  decrease  of  the  velocity 
•of  polymerisation  is  caused  by  the  formation  of  a compound  ha- 
ving inhibiting  effect.  This  is  a possible  explanation  for  the  lack 
of  polymerisation  initiated  by  azobisizobutyronitrile  in  case  of 
vinyl  acetate; 

On  basis  of  the  above  - mentioned  measurements,  the  deter- 
mination of  the  constant  Gr  for  producing  SiCU  free  radicals  is 
in  progress. 


1. 

2. 

3. 

4. 

5. 

6. 
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ABTope4>epaT 

KaneTHKa  pafl,HKajibHOH  nojiHMepHsai^HH  cxHpojia  h mgthji^ 
MexaKpHJiaxa,  HHHi];HHpoBaHHaH  a30H3o6yxiipoHHxpHJiOM  B npH' 
cyrcTBHH  SiCU  npn  50,  60,  70°  nccjieAOBajiacb  AHJiaTOMerpH- 
uecKH.  IIpHcyTCTBHe  SiCU  b peaKiiHOHHOH  CMecH  ne  BnHHex  na 
odmyK)  CKopocTb  nojiHMepHaaniHH.  OnpeAeJUumcb  KOHCTanTH  ne- 
penoca  penn  c SiCU,  h xaKVKe  aueprun  aKXHBapHH  peaKRHH  ue- 
penoca  penn.  SiCl4  aBjinexcH  HurnduxopoM  nojiuMepHaaRHit  bh- 
HHJiartexaxa,  HHHRHHpoBaHHon  aaoHaoSyxHpoHuxpujioM. 
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HccjieAOBajiacB  KHHexHKa  paAHKajiBHon  nojiHMepH3au,HH  bh— 
HHJiaii,eTaTa,  crapojia  h MeTHjiMexaKpnjiaTa  b npHcyxcTEnH  SiCh,- 
HHHU.HHpOBaHHaK  peHTrGHOBCKHMH  Jiy^aMH.  Onpej^CJIBHa  aaSHCH- 
MOCTB  CKOpOCTH  paAHan,HOHHOH  nOJIHMepH3aD,HH  nepeHHCJieHHHX- 
MOHOMepOB  OT  KOHii;eHTpai];HH . 

Ha  ocHOBe  KHHeraHecKHX  HSMepeHHH  noBeAeniie  SiCU  h pa^HKa-* 
Jia  SiCls  cpaBHHBajiocb  c noBe^eHneM  CGh  h pa^HKajia  CGIs  npii 
paAHKaJiBHHx  noJiHMepH3ai];HOHHHx  npoii;eccax,  HHHu,HripoBaHHHx. 
a30H366yTHp0HHTpH;iI0M  H peHXreHOBCKHMK  Jiy^aMH. 


Resume 

La  cinetique  de  polymerisation  radicale  de  styrolene  et  de* 
methylmethacrylate,  amorcee  par  azo-bis-isohutyronitrile 
en  presence  de  SiCU  a 50,  60,  70  °C  etait  etudiee  d’une  facoix’ 
dilatometrique.  La  presence  de  SiCU  en  melange  reactionnaire 
n’exerce  aucune  influence  sur  la  vitesse  generale  de  polyme- 
risation. On  determinait  les  constantes  du  transfert  de  chaine- 
avec  SiCU  de  meme  que  Tenergie  deactivation  de  la  reaction  de 
transfert  de  chaine. 

SiCU  est  un  inhibiteur  de  polymerisation  d’acetate  de  vinyle^ 
amorcee  par  azo-bis-isohutyronitrile. 

Une  influence  de  concentration  sur  la  polymerisation  par 
1’ irradiation  des  monomeres  enumeres  a ete  determinee. 

En  se  basant  sur  les  mesures  cinotiques  on  faisait  une  compa- 
raison  de  la  conduite  de  SiCU  et  radical  SiCls  a la  conduite  CCU 
et  radical  CCls  pendant  les  precedes  de  polymerisation  radicale, 
amorcee  par  azo-bis-isobutyronitrile  et  rayons  Roentgen. 
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UNE  METHODE  D ETUDE  DE  LA  VITESSE 
DE  LA  POLYMERISATION  A HAUTE  CONVERSION 

M.  K r y s z ew  ski,  B.  GrosMatiotva 
(Pologne) 


L’ etude  de  la  polymerisation  a haute  conversion  presente  un 
interet  non  seulement  au  point  de  vue  technologique  mais  elle 
est  aussi  interesante  comme  probleme  de  la  cinetique  des  reactions 
radicalaires  dans  les  mileux  tres  visqueux. 

L’ etude  de  la  cinetique  de  la  polymerisation  a haute  conver- 
sion entraine  de  grandes  difficult6s.  La  methode  dilatometrique 
appliquee  par  Schulz  et  Harborth  [1]  et  par  les  autres  auteurs 
est  bien  compliquee. 

Nous  avons  mis  a point  une  nouvelle  methode  d’6tude  de  la 
Vitesse  de  la  polymerisation  a haute  conversion  en  profitant  du 
changement  du  taux  de  la  polarisation  de  la  lumiere  de  fluores- 
cence emise  par  <d’indicateur  fluorescent))  avec  Taugmentation 
de  la  quantite  du  polymere  en  solution  c.  ad.,  avec  le  changement 
du  taux  de  la  conversion.  Au  cours  du  processus  de  la  - polyme- 
risation le  teneur  du  polymere  en  solution  croit  et  on  observe  une 
augmentation  de  la  viscosite  du  milieu  directement  liee  avec  la 
concentration  et  le  poids  moleculaire  du  polymere  forme. 

Le  taux  de  la  polarisation  p,  de  fluorescence  d’une  substance 
fluorescente  dans  un  solvent  est  liee  a la  viscosite  tj  du  milieu 
par  des  relations  donnees  par  plusieurs , auteurs  [2—4].  Dans 
toutes  les  equations  p,  depend  aussi  de  la  duree  de  vie  t,  de  Tetat 
excite  de  molecule  fluorescente,  de  la  temperature  T,  et  du  volume 
hydrodynamique  molaire  F,  de  la  meme  molecule.  Etant  donne 
que  pendant  la  polymerisation  il  y a de  forts  changements  du 
milieu  (correspondantes  a differentes  conversions  conues)  on  pent 
envisager  une  influence  sur  les  parametres  indiques  ici-des- 
sus.  G’est  pour  cela  qu'on  ne  pent  pas  immediatement  utiliser 
les  equations  donnees  par  Perrin  [5]  ou  Lewschin  [6]  qui  relient 

p h 71.' 
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Pour  se  rendre  independant  de  ces  parametres  et  desjditfcul- 
tes  liees  avec  Tappliquation  de  ces  equations,  nous  avons  trace 
une  courbe-etalon  caracterisant  le  relation  du  taux  de  la  po- 
larisation p de  fluorescence  avec  la  concentration  du  polymere 
en  solution  c’est  a dire  une  courbe-etalon  de  la  relation  de 
p en  fonction  de  conversion  x en  p.  c. 

Cette  courbe  a ete  obtenu  de  la  maniere  suivante:  On  a effe- 
ctue  les  polymerisations  de  ce  monomere  dont  la  cinetique  sera 
etudiee  subsequemment  dans  les  memes  conditions,  bien  defi- 
nies  qu’on  avait  prevues  pour  Petude  de  la  cinetique  (le  concen- 
tration de  rinitiateur,  la  temperature  etc.  etaient  constantes). 
La  reaction  avait  ete  interrompue  apres  qu’on  avait  obtenu  line 
conversion  x convenable,  en  plongeant  le  recipient  de  la  reaction 
dans  un  melange  C02soiide  + ^iceton.  On  avait  ensuite  ajoute 
une  forte  quantite  du  solvent  et  precipite  rapidement  le  polymere 
forme.  La  masse  du  polymere  obtenue  avait  ete  utilisee  pour 
calculer  le  taux  de  conversion  x.  Ensuite  le  polymere  bien  sec 
avait  ete  dissous  dans  une  telle  quantite  du  monomere  pour  que 
sa  concentration  soit  identique  a celle  qu’on  avait  eu  au  moment 
d’interrompre  le  processus  de  la  polymerisation.  On  avait  ajoute 
au  monomere  une  quantite  convenable  d’indicateur  fluorescent. 
De  cette  facon,  nous  avons  obtenu  des  solutions  fluorescentes 
correspondantes  a differentes  conversions  conues.  Ensuite  on 
avait  mesure  le  taux  de  polarisation  de  la  fluorescence  emise 
par  ces  solutions  en  prenant  comme  lumiere  incidente  la  lumiere 
visible  d’une  longueur  d’onde  la  plus  longue  possible  (pone  etre 
encore  dans  le  domaine  de  Stockes).  Le  changement  du  p avec  x 
avait  ete  specialement  sensible  pour  des  grandes  valeurs  de  Xy 
c’est  a dire  dans  ce  domaine  oii  la  methode  dilatometrique  pre- 
sente de  grandes  difficultes. 

On  pent  aussi  effectuer  les  mesures  de  la  polarisation  de  fluo- 
rescence dans  un  dilatometre  convenablement  counstruit  et  la 
Vitesse  de  la  formation  du  polymere  pent  etre  ainsi  etudie  au 
moyen  de  la  methode  classique.  Ceci  permet  d’etudier  la  cinetique 
aussi  pour  les  petits  x,  ou  la  methode  de  I’indicateur  fluorescent 
est  un  peu  moin  sensible. 

L’usage  de  I’indicateur  fluorescent  exige  quelques  remarques 
pour  preciser  les  conditions  qui  doivent  etre  observees: 

Dans  le  cas  ou  le  monomere  est  lui  meme  fluorescent  dans  le 
domaine  des  longues  ondes  du  spectre  visible  (en  employant  com- 
me lumiere  incidente  les  ondes  les  plus  longues  possible),  on 
n’est  pas  oblige  d’ajouter  aucun  indicateur  fluorescent.  La  cour- 
be-etalon pent  etre  obtenue  de  la  meme  maniere  decrite  id- 
dessus,  c’.est  a dire  en  etudinat  la  polarisation  de  la  fluorescence 
de  la  solution  contenante  une  convenable  quantite  du  polymde 
en  monomde  (le  polymde  doit  etre  obtenue  dans  les  conditions 

121, 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 

identiques  a celles  dans  lequelles  on  vent  etudier  la  cinetiqne). 

Dans  le  cas  oii  le  monomere  n’est  pas  fluorescent  dans  la  do- 
:Tnaine  des  longues  ondes  du  spectre  visible  il  faut  utiliser  les 
indicateurs  de  fluorescents.  Ces  indicateurs  doivent  correspondre 
-aux  conditions  suivantes: 

La  fluorescence  de  Tindicateur  doit  se  trouver  dans  le  domaine 
des  ondes  longues  du  spectre  visible  pour  qu’on  puisse  utiliser  telle 
lumiere  incidente  qui  ne  provoque  pas  des  effets  de  la  photopo- 
Jymerisation. 

L’initiateur  fluorescent  ne  doit  pas  influencer  la  cinetiqne  de 
la  polymerisation  (il  n’est  pas  ni  initiateur,  ni  sensibilisateur, 
ni  inhibiteur  de  la  polymerisation).  Dans  une  faible  concentra- 
tion Tinitiateur  ne  joue  que  le  role  d’une  impurete  inactive. 

La  presence  des  initiateurs  de  la  polymerisation  ne  doit  pas 
influencer  le  fluorescence  de  Lindicateur  fluorescent.  De  meme 
la  luminescence  de  Lindicateur  ne  doit  pas  etre  influence  par 
le  monomere  od  polymere  forme  au  cours  de  la  reaction. 

Le  choix  d’un  indicateur  fluorescent  est  par  consequent  assez 
complique.  Dans  le  cas  de  monomeres  vinyliques  qui  polymer- 
sient  en  bloc  (sans  precipitation  du  polymere)  on  peiit  tou jours 
ohoisir  un  indicateur  convenable.  Les  collorants  fluorescents 
<jui  correspondent  aux  conditions  ci-dessus  sont  ordinairement 
peu  solubles  dans  les  monomeres,  mais  ce  sont  precisement  les 
faibles  concentrations  qui  sont  bien  convenables  (de  I’ordre 
10'^  g/cm^).  Pour  les  esters  d’acide  methacrylique  on  pent  uti- 
iiser  1,5-diphenylliexatriene  oii  POPOP.  Pour  le  styrolene  on  ' 
obtient  des  resultats  avec  le  chrysene. 

Pour  L etude  cinetiqne  ainsi  que  pour  etablire  une  courbe- 
•etalon  on  se  sert  de  Lappareil  represente  par  le  schema  gene- 
ral (projete  dans  le  plan  horizontal), 

ou  S — Source  de  la  lumiere  incidente  avec  des  lentilles  et  filtres 
convenables. 

Pi  — Polarisateur. 

T — Thermostat  ou  baigne  le  dilatometre-cuve.  Le  dila- 
tometre  possede  deux  fenetre  pour  laisser  passer  le  fais- 
ceau  incident,  et  la  lumiere  de  la  fluorescence  observee 
dans  la  direction  perpendiqulaire  a la  direction  du 
faisceau  incident. 

L — Le  systeme  des  lentilles,  filtres  et  diaphragmes. 

A — ” Compensateur  d’Arago. 

P2  — Polarisateur-analisateur. 

M — une  lame  demi-onde  avec  un  systeme  pour  le  mettre 

^ Si  le  monomere  est  fluorescent  dans  le  domaine  de  U.  V,  ou  meme 
■dans  la  partie  de  courtes  ondes  du  spectre  visible,  il  faut  appliquer  comme 
lumiere  incident  les  rayons  U.  .V.  (1 ’excitation  de  Stockes)  qui  certainement 
peuvent  provoquer  une  photopolymerisation  du  monomere, 
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en  'rotation  avec  une  frequence  donnee  (modulation  de 
la  lumiere) 

IPh  — Photomultiplicateur  avec  une  lentille  est  une  allimen- 
tation  convenable. 

B — L'indicateur  de  minimum  du  courant  photoelectrique 
donne  par  le  photorriultiplicateur. 


Fig.  1,  Schema  de  Tappareil. 


*Cet  appareil  est  construit  en  general  d’apres  le  systeme  de  Wil- 
le  [7]  et  accomplit  toutes  les  conditions  d’une  exacte  mesure  du 
^aux  de  polarisation  de  la  lumiere. 

Rappelons  le  principe  des  mesures:  on  tourne  le  compensa- 
teur  A jusqu’a  ce  que  le  depolarisation  du  faisceau  soit  complete 
(minimum  du  courant  photoelectrique).  On  trouve  Tangle  de  la 
rotation  9 de  A,  sur  un  cercle  divise.  Le  taux  de  polarisation  de 
la  lumim’e  est.  calcule  d’apres  Tequation  de  Kawski  — Newman  [8] 
que  relie  Tangle  9 de  la  rotation  d’une  pile  des  plaques  de  verre, 
leur  nombre  n et  leur  indice  de  refraction  n. 

En  vue  de  faciliter  les  mesures,  on  avait  trace  pour  ce  compen 
sateur  une  courbe-etalon  en  portant  en  ordonne  Tangle  9 en 
abscisse  le  taux  de  la  conversion  x. 

En  effectuant  les  mesures  du  changement  du  taux  de  polari- 
sation de  la  lumiere  emise  par  Tindicateur  fluorescent  en  fonc- 
tion  du  temps  de  la  polymerisation  ayant  lieu  dans  le  dilatometre, 
•on  pent  etudier  le  cinetique  de  ce  procesus.  Les  mesures  faites 
tdans  les  conditions  nommees  ci-dessus  ne  provoquent  aucune 
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Fig.  2.  La  courbe  de  la  conversion  des  metha- 
crylate de  methyle  en  fonction  de  tempes. 

perturbation  de  la  polymerisation  et  peuvent  etrej  menees  dans' 
differentes  temperatures  et  avec  quantites  convenables  d^initia- 
teur.'  ^ 


temps  y min 

Fig.  3.  La  courbe  de  la  conversion  du  methacrylate 
de  methyle  (cone.  60%  en  benzene)  en  fonction 
de  tempes. 

Afin  de  verifier  experimentalement  la  methode  qu’on  vient 
decrire  brievement,  nous  avons  etudie  la  cinetique  de  la  poly- 
merisation du  methacrylate  de  methyle,  de  methacrylate  de  bu- 
tyle,  et  de  vinyle  acetate  pour  la  haute  conversion. 

Dans  le  cas  du  methacrylate  de  methyle  et  de  butyle,  ou 
a utilise  comme  I’indicateur  fluorescent  diphenylhexatriene  qui 
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<d’apres  nos  mesures  n’influence  pas  la  cinetique 'de  la  polyme- 
:risation.  De  meine,  on  pent  utiliser  aussi  le  fluoresceine  qui, 
olle  non  plus,  n’ influence  pas  le  polymerisation  conformemenl 
.a  nos  resultats  et  ceux  de  Bamford  et  Dewar  [9]. 

A titre  d’exemple  nous  presentons  ici  la  courbe  de*  la  conver- 
-sion  pour  methacrylate  de  methyle  avec  0,125%  du  benzoyl 
»peroxyde. 

Cette  methode  pent  etre  appliquee  aussi  aux  solutions  concen- 
trees  de  monomere  dans  un  solvent  convenable.  Comme  exemple 
^’application  de  cette  methode  aux  solutions,  nous  avons  pre- 
sente une  courbe  de  conversion  pour  la  polymerisation  du  met- 
diacrylate  de  methyle  en  solution  de  60%  en  benzene. 

D’accord  avec  des  resultats  des  autres  auteurs,  [10,  11]  nous 
.avons  constate  une  forte  acceleration  de  la  polymerisation  a con- 
version X — 20%. 

Les  resultats  d’une  etude  systematique  de  la  cinetique*de  po- 
lymerisation du  methacrylate  de  methyle,  .methacrylate  de  Idu- 
vtyle  et  de  vinyle  acetate  serons  publics  plus  tard. 
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ABTope<J)epaT 

Hayuenne  npoueccoB  nojiUMepnaartHH  ao  SoJiBmnx  CTeneHeii 
inpeBpanteHHH  bb^kho  ne  tojibko  ajih  TexHOJiornH,  ho  HHTepeCHO 
TaK?Ke  c TOUKii  apeHHH  nayuemiH  CBodoflHO  pajtHKajiBHBix  npo- 
.ReccoB  B He  JKHRKOH  cpeRe. 

Bbiji  paapaboTan  MeTOA  iiayueHHH  nojiHMepiiaaRiiii  npn  6ojib- 
miix  CTencHflx  npeBpam^eHHH.  Mctor  ochobuh  Ha  onpeAeJieHiiii 
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lI3MeHeHHH  CKOpOCTH  nOJIHpH3ai],HH  paCTBOpa  MOHOMepa  C He- 
6ojiBniiiM  KOJiHHecTBOM  (|)Jiyopecii,MpyK)ii],ero  Beui^ecTBa  (b  cjiy^ae^. 
ecjiM  MOHOMep  can  ne  (j)jiyopeci],HpyeT). 

B Ka^ecTBG  $Jiyopecii.Hpyioii];ero  Beiii;ecTBa  aoji>kho  6hti>^ 
HcnojiBsoBano  TaKoe  semecTBO,  KOTopoe  ne  BJiMflex  na  KiiiieTiiKy 
nojiHMepH3ai],iiH;  KOHn,eHTpaii,Ha  ero  nopaffKa  10'^  zlcj^,  <l>jiyo- 
peci];eHD,Hfl  ^oji>KHa  BBiSBiBaTBca  cbgtom  TaKoii  BOJIHB4. 

KOTopaa  He  BBiSBiBaex  noaHMepH3ai];iiH. 

Annapaxypa  coctoht  h3  xepMOCTaTHpoBaHHoro  cocyAa  a-th  no- 
jiHMepH3aH;HH  H cooxBexcxByioiAero  npHcnoco6aeHna  aJih  ii3Me- 
peHHa  cKopocxH  noaapHsaAHH  CBexa.  C homoiabk)  axoro  a^e  npii- 
cnoco6jieHHa  (nocjie  HeGoaBmoii  MOAH(|)HKaii;Mii)  mojkho  iisMepaxb.. 
iiHxeHCHBHOCXB  $jiyopeci],eHn;iiii. 

OxiiM  MexoAOM  6Bia  iiayaen  xoa  noaHMepiisaAiiii  MexujiMexa- 
KpMaaxa  n 6yxHjiMexaKpHaaxa.  BLiao  HanAeno,  axo  CKopocxB.. 
peaKAHH  HOCxoaHHa  neKoxopoe  apena,  a 3axeM  pesKO  B03pacxaex* 
ycKopeioie  II  HSMeHeHHe  KOHCxaiix  CKopocxii  iioATBep>KAeHO  pe— 
syaBxaxaMH  Apyrnx  aBxopoB. 


Summary 

The  investigation  of  polymerisation  processes  to  high  degrees- 
of  conversion  is  not  only  technological  important,  but  is  interes- 
ting for  knowledge  of  free  radical  processes  occuring  in  nonfluid 
media. 

A method  was  developel  for  polymerization  studies  at  high> 
degrees  of  conversion.  This  method  is  based  on  measurement 
of  the  change  in  rate  of  the  polarization  of  a monomer  solution; 
containing  a small  quantity  of  fluorescent  substance  (if  the  mono- 
mer does  not  fluoresce). 

As  fluorescent  substance  a compound  should  be  employed  that 
does  not  affect  the  polymerisation  kinetics.  The  concentratiom 
of  fluorescent  substance  is  of  the  order  10"®  g/cm^.  The  fluores^ 
cence  should  be  excited  with  light  of  such  wavelength,  which  does- 
not  initiate  polymerisation. 

The  apparatus  consists  of  a thermostated  polymerisation 
vessel  and  a sensitive  device  to  measurement  of  the  rate  of 
polarisation  of.  light.  By  the  same  device  (with 'a  little  modi- 
fication) it  is  possible  to  measure  the  intensity  of  fluorescence.^ 

By  use  of  this  method  the  entire  course  of  the  polymerisation; 
of  methyl  methacrylate  and  buthyl  mathacrylate  was  examined^ 
The  rate  of  reaction  was  found  to  be  constant  for  some  time  and 
then  to  rise  sharply.  The  acceleration  and  the  change  of  the  rate* 
constants  was  confirmed  by  the  results  of.  other  authors,*. 
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HCCJIEflOBAHME  SAKOHOMEPHOCTEli  3MyjlbCH0HII0Mi 
nOJIHMEPH3Al],HH 

K p ti  III  a «,  M,  M a p z a p ti  m o 6 a 
(CCCP) 


B pa6oTax  MeftBeAeBa  c coTpyAHiiKaMii  [1—3],  nocBnmeiiHHX' 
iiccjieAGBamiK)  aMyjibCiiOHHoii  nojiMMepiisaAiiii  CTiipojia  ii  uaonpe- 
iia,  6ltjio  noKaaaHO,  b^to  corjiaciie  c HaHAenutiMH  aKcnepHMenTajib- 
HLiMH  pesyjibTaTaMH  uomer  6biTb  AOcrarnyTO,  ecjiii  paccMaxpiiBaTb- 
3MyjibraTop  kbk  oG^gm,  b KoxopoM  BoaniiKaex  ii  paaBHBaexcH  o6- 
lAHH  npoAecc  noJiiiMepHsaAiin.  9xo  Asiex  npiiHAnniiajibHyio  bo3- 
MOH^HOCXb  OXBaXHXb  niHpOKHH  Kpyx  npOI];eCCOB  BMyJIbCHOHHOii  TIO- 
JiHMepii3aij,HH  II  iicnoJib30Baxb  a-Jih  onHcamiH  HaiiAGHHHx  saKOHO- 
MepHOCxeir  b nepBOM  npH6jiH5KeHini  o6bi^Hyio  BJieMeHTapHyio 
CHcxeMy  peaKAHH  roMorennoii  noJiiiMepiiBaAiiH.  ^jih  A^JitHeii- 
niero  iisy^ieHiiH  saKOHOMepHOCxeii  BMyjibCiioHHoii  noJiHMepH3aii,iiii 
H Hx  paccMOxpenHH  iiaMH  Sbijio  upeAnpiiHHXo  iiccjiGAOBaHiie  nojiii- 
MepiiBaAiiH  MexiijiMexaKpiiJiaxa  (MMA),  xjioponpeiia  (XII)  ii  bh- 
HHjiHAeHXJiopiTAa  (BX)  b npiicyxcxBnii  pasJin^iHbix  3MyjibraxopoB- 
11  iimiAiiaxopoB  b miipoKOM  imxepBajie  iix  KOHij;eHTpai],iiii  ii  npii 
paaJiiirabix  cooxHOineHHHX  (|)a3.  TIpii  iipoBeAeimii  pa6oxbi  oco6oe 
BHHMaHHG  6bijio  o6paiij,eHO  Ha  OHHcxny  iicxoAiibix  BeipecxB  ii  xina- 
xejibHoe  npoBeAGHHe  ohhxob.  KHnexiiHecKiix  HCCJiGAOBaHiiii 

nojniMGpH3aii,iiii  6biJia  npHMGHGHa  ycxanoBKa,  aHajicriiHiiaH  xoii,. 
KoxopaH  onHcana  b pa6oxG  BepxoJiOMG  [4],  B KanecxBG  aMyjibra- 
xopoB  6bijri[  HcnojibBOBaiibi  Jiaypax  naxpiiH  (JIH)  h naxpiieBbie 
cojiii  cyjib(j)OKiicjiOT  yrjiGBOAopoAOB  jKiipHoro  pHAa  (MK),  b Ka- 
HGCXBG  HHHAiiaxopoB  — nepGKHCb  6eii30MJia  (IIB)  H nGpcyjib(|)aT 
KajiHH  (IIK).  Ka>KABiH  OHbix  npoBOAii™  oahobpgmghho  b A^yx 

AHJiaXOMGXpax.  IlOBXOpGHIIG  OHblXOB,  nOCXaBJIGIIIIblX  B OAHIiaKO- 
BHx  ycjioBHflx,  riOKaaajio  nojinyio  KiiHGxiiHGCKyio  Bocnpoii3BOAH- 
Mocxb  HOJtyHGHHbix  pGsyjibxaxoB.  HccjiGAOBamiG  npoBOAHJin  no 
AByM  OCHOBHbIM  KHHGXHH6CKHM  HapaMGXpaM  — 3aBIICIIMOCXH  CKO- 
pocxM  noJiiiMGpiisaAini  ox  KOHii;GHxpan;iiH  3i\iyjibraxopoB  (Cy^) 
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H KOHi;eHTpaii;HH  iiiiimnaTopa  (Chh)-  Ckopoctb  noJiHMepH3aii;HH  v 
Bbipa>KeHa  b rpaMMax  nojiMMepa  na  100  mji  boahoh 
B nac.  ^Jifl  HJiJiK)CTpai],iiH  HaHAeHHHx  saKOHOMepHOCxeii  npHseAen 
puc.  1,  Ha  KOTopoM  H3o6pa>KeHa  aaBHCiiMOCTb  CKopocra  nojiHMe- 
pH3ai],mi  xjioponpena  ot  Cgw  3th  3aBiiCHMOCTH  xapaKTepM3yK)TCfl 
■rpeMfl  TiinaMH  KpiiBbix.  KpHBaa  2 noKasbiBaex,  hto  b npHcyxcTBiiii 


V 


8-3  M 5 c 


PhC,  1 — SaBHCHMOCTb  CKOpOCTH  nOJIHMepMSaAHH 
xjioponpena  B OMyJlBCHH  ox.  KOHACHTpaAHH  3MyjIb- 
raxopa. 

1 — MK;  CnK  = 0,0125,  2 - JIH;  Cjib  ==  0,025,  3 - MK; 

Cjjg  — 0,025.  .1,  2 H 3 — 9BcnepMMeHTaJibHbie  AaHHue; 

V« 

4 — no  ypaBHeHiiK)  ^^[K-CnH] CooTHOineime  opraHnqec- 
Kofi  H BOAHOH  $33  = 1:2;  J— ^30°,  2 H 3 — 40°.  Bee  KonneHT- 
paiiiiH  BupameHU  b e/lOO  ma  BOAHOft  $a3Li. 

OB  V nponopAHOHaJibHa  JIH  ao  3HaHeHHfl  2.  IIpn 

'Cqm>  2 Hacxynaex  pe3Koe  H3MeHeHHe  xapaKxepa  kphboh  h u exa- 
jHOBiiTCH  He3aBHCHMOH  OX  Cqm*  9to  HSMeHOHne,  KaK  6yAex  noKaaa- 
Ho  AHJiee,  o6T>HCHHexcH  oSpaaoBaHHeM  nojiHMOJieKyjiapHHx  cjiogb 
RlblJia  Ha  HOBepXHOCTH  nOJIHMepHbIX  HaCTHH,.  B npHCyXCXBHH  IIK, 
KorAa  AGHCTByex  saKOH  (piic.  1,  KpHBan  i,  npepbiBHCxan 

mpHBaa  4),  nepexoA  k HeaaBHCHMOCXH  CKopocxH  coBepmaeTca  6o- 
.jiee.  HJiaBHO.  B cjiynae  BMyjibraxopa  MK  h iiHHAHaxopa  HE  npo- 
•HopAHOHajibHaa  saBHCHMOcxb  v OT  Cqm  pacnpocxpaHHexcH  Ha  Bce 
iiiHTepBajibi  HccjieAOBaHHHx  Csm,  hxo  CBHAexejibCTByeT  o saBHCH- 
MOCTH  CKjlOHHOCTH  3MyjIbraT0p0B  K 06pa30BaHHI0  HOJIKMOJICKy- 
jinpHbix  cjioeB  Ha  nojiHMepHHX  nacxHAax  He  xojibko  ot  BeJiHHHHbi 
Hx  oSbagh  noBepxHOCXH,  ho  h ox  npnpoAbi  aMyjibraxopa.  Anajio- 
THHHbie  SaKOHOMepHOCTH  HaOjIIOA^IOXCH  II  npH  nOJIHMepH3ai;HH 
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BX,  HO  C HOKOTOpHMH  OTJIHHHHMH,  oGyCJIOBJieHHHMH  (|)H3IIHe- 
CKOH  npHpoAOH  oToro  nojiHMepa  (cTeKJioo6pa3Hoe  cocTOHHHe, 
HepacTBopHMOCTB  MOHOMopa  B HOJiHMepe,  ocoStie  CBoiicTBa  a^copS- 
u,HH  MLijia  H AP-)*  9™  oco6eHHOCTH  HO  Moryx  6bitb  paccMOxpeHH 
B 3T0M  AOKJiafle  B CBH3H  C OrpaHHHeHHOCTBK)  OFO  05'LeMa.  B AaJIb- 
HeiimeM  6yAyT  tojibko  pesyjibxaTBi  nccjieAOBaHHii  no- 

jiHMepHsamiii  MMA.  B axoM  cjiynae  HccjieAOBaHne  KHnexHHecKHx 


Pile.  2.  3aBHCHMOCTi»  cKopocTii  noJiiiMepiuiaAiiH 
MeTiiJiMeTaKpHjiaTa  b aMyjiBciiH  ot  Kouii;eHTpaij,Tiii 
3My.aBraTopa  (50°). 

1 - MK;  CnB  =10.012  5;  2 — JIH;  CnB  = 0,‘0125;  3 — MK; 
CUK  0,0125.  , 2 H 3 — DKcnepHMenTajibHLie  nanHue; 

no  ypaBHeHino  u KpafinnH  JicBaa  opAimaxa 

AJifi  npHBOii  1. 


BaKOHOMepHOCTOH  conpoBo'jKAaJiocb  onpeAejiemieM  pasMopa  ii 
HHCJia  iioJiHMepHHX  Hacxnn;  b nocjieAOBaxejibHbix  CTaAnax  nojiHMe** 
pnsamiH  npH  pasHbix  ycjioBHHX  c noMOin,bio  motoab  MHJibiioro 
xHxpoBaHHH  H H3MepeHHK  aJieKxpoHpoBOAHOCTH  nojiyaeHHLix  Jia- 
XGKCOB.  J^aHHbie  O aaBHCHMOCXH  CKOpOCXH  HOJIHMepHaaAHH  MMA 
ox  KOHii;eHxpari,HH  aMyjibraxopoB  npHBeAeHbi  na  pnc.  2.  3A0Cb  bha- 
Ho,  HTO  xapaKxep  aaKOHOMepHOCxeii  aHajiornaeH  paccMOxpenHbiM 
3aBHCHM0CXflM  XDl  Ha  pHC.  1.  SaBHCHMOCTb  CKOpOCTH  HOJIHMe- 
piisaAHH  MMA  ox  KOHii;eHxpan;HH  HUHAiiaxopoB,  npeACxaBJieHHaa 
Ha  piic.  3,  aBaaexca  o6n];eH  ajih  6oJibiaeH  aaexH  npoii;eccoB  anyab- 
ciiOHHOH  noaiiMepnaaAHH.  Ona  panee  HaSaioAaaacb.  npn  anyab- 
CHOHHoii  noaHMepH3aii,HH  HBonpena  [4]  ii  cxiipoaa  [3]  ii  6Liaa 
naMH  KOHCxaxnpoBaHa  npn  noaHMepH3aii;HH  XB  ii  XIl.  IIpii 

9 Me}KAyHapoflHbrft  ciiMnoaHyM,  ceKmiR  2 ^ nq 
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MaJiHX  KOHn,eHTpaii,HHx  v ^ Chh  npH  6ojibinHx  — noKaaaTejib 
cTeneHH  MCHbine  b npe^ejie 

9th  oTKJioHeHHfl  OT  saKOHa  KBaApaTHoro  KopHK,  KaK  6hjio  yna- 
saHO  B pa6oTax  [1-^3],  o6T>flCHHiOTCH  tom,  hto  b peaKn;HH  oSpHBa 
nojiHMepHHX  paffHKajiOB  nyTeM  hx  BsaHMHoro  coeAHHeHHH  bkjiio- 
HaioTCH  peaKAHH  MejKAy  hojihmgphhmh  h nepBHHHHMH  paAHKa- 
jiaMH.  ripH  npeo6jiaAaHHH  peaKAHH  oGpuBa  nocjieAHero  TMna 


V 


Phc.  3.  3aBHCHMOCTb  cKopocTH  noJiHMepH3aij;nfe 

MeTHJIMGTaKpHJiaTa  B 3MyJIbCHH  OT  KOHUeHTpaAHH 
HHHAHaTOpa. 


i — nB;  CjyjK  — = 

1,  2 VI  3 — aKcnepuMCHTajibHue  flaHHue;  4,  6 vi  6 — no  ypaB- 
HeHHK)  V = CooTHomeHHe  $a8  ==1:2.  KpaftHRfl 

aeBaa  opflHHaTa  nan  KpnBOft  3 a 6. 

CKopocTb  noJiHMepHsaHHil  ne  aaBHCHT  ot  KOHAeHTpanHH  HHHi],na- 
Topa.  Oahhm  H3  iiHTepecHHX  Ha6jiK)AeHHH,  CAeJiaHHHX  npn  bh- 
nOJIHGHHH  HCCJieAOBaHHH,  HEJIHOTCH  TO,  ^TO  HaJIH^HO  npeAGJIbHblX 

3HaB;eHHH  no  oMynbraTOpy  (HeaaBHCHMOCTb  cKOpocTu  ot  koh- 
ii;eHTpan,Hii  oMyjibraTopa)  npeACTaBJinoT  co6oh  ho  HCKJiioneHHe, 
KaK  3T0  MO>KHO  6biJio  cnHTaTb  paHOO,  a AOBOJibHO  o6ni,ee  hejighho. 
fljifl  BbTHCHGHHH  npHpOAbl  3TOrO  HBJIGHHH  6bIJIH  BSflTbl  JiaTGKCbT 
nOJIHMGTHJIMGTaKpHJiaTa,  nOJiynGHHHG  B yCJIOBHHX,  nOKasaHHUX 

CTpGJiKaMH  na  kphboh  1 pnc.  2,  n noABGprnyTH  HsynGHHK)  mgtoaom 
MblJIbHOrO  THTpOBaHHH  H aJIGKTpOnpOBOAHOCTH.  9tHMH  H3MGpGHHH- 
MH  6biJio  noKaaano,  hto  b o6jiacTH  nponopn,HOHajibHOH  saBHCHMO- 
CTH  CKopocTH  OT  KOHi];GHTpaii;HH  BMyjibraTopa  (a)  noBepxHOCTb 
noJiHMGpHbix  nacTHii;  hg  HacbimGHa  mhjiom,  b tohkg  nopGXOAa  (6)  -- 
nojiHOCTbK)  noKpHTa  MOJiGKyjiaMH  MbiJia,  a b 30hg  nocTOHnnoii 
(npGAGJIbHOH)  CKOpOCTH  (e)  HMGGTCH  HsSbITOK  MblJia.  9tOT  H36bTTOK 
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He  HBJIHeXCH  HCTOHHHKOM  B03HHKH0BeHHH  Millie JIJI,  HTO  HeM36eH^“ 
HO  npHBejio  6bi  k yBeJiHHeHHio  CKopocra  noJiHMepHsai^iiii,  a o6pa- 
ayex  noJiHMOJieKyjiHpHue  cjioh  hs  Mo:iieKyji  aMyjiLxaxopa  na  no- 
BepxHOCXH  HOJiHMepHHX  HacTHH,.  HaoxynjiGHiie  npe^ejia  CKopocxa 
nojiiiMepH3aii,HH  no  KOHH;eHTpai];HH  oMyjiBraxopa  aatociix  ox  paa-^ 
Mepa  n nncjia  nacTHn;,  x.  e.  ox  o6n];eH  noBepxHocxH  nojiHMepHMx 
HacxHij;.  C yBejiHHeHHeM  KOHii,eHTpaii,HH  Hnni^naxopa,  npn  oj^hohi 
n xoH  jKe  rjiySnne  ii0JiHMepH3aH,HH,  o6pa3yexcH  Sojitmoe  hhcjio 

V 


PhC.  4.  3aBHCHMOCTL  CKOpOCTH  BOJlllMepIl 3 811,1111 
MGTIlJIMeTaKpHJiaTa  ox  KOHl4,eHTpaU,HH  3MyJIbraTOpa 
MK  npH  paaHLix  KonpeHTpai^nax  nHHii,HaTopa. 

i II  2 Cjjg  = 0,0125  H 0,025,  cooTBeTCTBeHHO.  CooTiiouieHiie 
$33  ==  1 : 2;  50®  ■ ' 

6ojiee  MGJiKHx  nacxHn;,  06ni,aH  noBepxHOcxB  npii  axoM  yBejiHHH- 
BaexcH,  H,  cjiej^OBaxejibHo,  Hacun^eHiie  noBepxHocxii  h o6pa30BaHiie 
HOJiHMOJieKyjiHpHMx  cjioes  3MyjiBraxopa  Hacxynaex  npii  6ojib- 
meii  KOHn;eHxpan;HH  MBijia,  kbk  axo  bh^ho  na  pnc.  4,  npe^^- 
cxaBJiena  CKOpocxB  nojiHMepH3ai];iiH  MMA  nan  (jiynKii^HH  koh- 
n;eHxpai],Hn  anyjiBraxopa  MK  ^Jia  A^yx  KOHAeHxpaii,iiH  HBHAnaxo- 
pa  IIB.  CooxBexcxByion],ee  axoMy  rpa(J)HKy  HaMeneHne  paaMepa 
(AnaMGxpa  d)  h nncjia  nojiHMepHBix  nacxHn;  'N  npn  oahoh  h xoh  jkg 
rjiy6HHe  nojiHMepHsaAHii  noKasaHO  na  pnc.  5.  BjiHHHHe  koh- 
AeHTpan,HH  HHHAnaxopa  na  pasMep  nacxHii;  CHABnee  npoHBJifleTCfl 
npH  OTHocHxeaBHO  MajiHx  aHaneHHHX  BjinHHHe  Ha  hhcjio  na- 
CTHn;,  Hao6opox,  npn  6ojiBniHx  Cqm.  Phc.  5 noKaaHBaex  xaKjKe 
CHJiBHyio  aasHCHMOCTB  napaMexpoB  d n N noJiHMepHBix  nacTHU 
ox  KOHH,eHxpaH;HH  aMyjiBxaxopa.  noApo6HHe  A^HEHe  o6  naMeneHHHX 
paaMepa  h nncjia  nojiHMepHHx  nacTHu;  b pasJiHHHHX  cxaAHHX  no- 
jiHMepHaaAHH  MMA  npn  pasjiiiHHHx  KOHii,eHxpai;HHx  aMyjiBra- 
xopa  MK  H HHHAHaxopa  HE  6yAyx  paccMOxpeHH  b ApyroM  Mecxe. 
B axoM  AOKJiaAo  cjie^^yex  xojibko  oxmgxhxb  oahh  peayjiBxax, 
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Piic.  5.  Esuemum  AwaMexpa  (d)  ii  ^incjia  (A^)..MacTiiij;  no- 

jiHMeTJiJiMeTaKpMJiaTa  b aaBHCiiRiocTii  ot  Koiiii,eiiTpau,HH 
3MyjiLraTopa  MK  npn  paaiioft  KOHii;eHTpau.HH  nepeKiicn 
6eii3onjia.  CooTiiomeHHe  $a3=l  : 4;  50°.  FjiySuHa  nojiii- 
Mepn3aii,nH  9,44  s noJiiiMepa  /lOO  mji  bo;],hoh  ^asbi. 
nepeKHCB  6eH30HJia:  X ~ 0,0125  ho  — 0,025  a /lOO  mji 
BOAHOH  ^aBBi;  1 11  2 — N;  3 k 4 — d 


Phc.  6.  HsMeneHHe  AnaMexpa  {d)  ir  HiicJia  (A^ 

'iacTHH,  noJHMeTHJiMeTaKpHjraxa  b saBiiciiMOCTii  ox 
:KOHii,eHxpaij,HH  nojiHMepa  npn  paanBix  cooxnonie- 
HHHX  ($a3.  CnB  = 0,0125;  Cmk=  2.  CooxHomeime 
opraimHecKOM  h’boahoh  $a3:  X ~l  : 4;  o— 1 : 2. 
50°.  Iii2  — N;  3 k 4 — d*  - 
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KOTopLiHHMeeTcymecTBeHHoe  sHa^emie  « jih  paccMOTpeiiiiH  Bonpoca 
0 MexamiBMe  aMyjibCHOHHoii  nojiHMepH3aii;HH.  9to  noATBep>Kj^eHne 
cj)aKTa  0 ccxpaneimH  nocTOHHCTBa  BejiiiBHHLi  o6iii,eH  noBepxHOCTii 
nojiHMepHHx  HacTHu;  b Te^enne  Bcero  ..npoi];ecca  nojiiiMepHsai^im. 
Mej^BGAGB  C COTpy^HHKaMH  [1,  6],  BnGpBbie  OTMGTHBniHG  9TOT  ^BKT, 
o6'bHCHiiJiH  Gro  npoHCxojKAesiiG  KaK  pGsyjiBxaT  hbjighhh  BsanMo- 
CJinnaHHH  (KOaJIGCI],GHII,HH)  nOJIHMGpiILlX  HaCTHU;.  . 3tii  hbjighhh 
BSailMOCJIPinaHHH.  HGH366>KH0  6bTJIH  npiIBGCTH  K yMGHb- 

IHGHHIO  HHCJia  lIOJIHMGpHbIX  HaCTIlI],  B XO^G  nOJIHMGpHSaii;!!!!.  Hg- 
KOTOpblG  aKCHGpHMGHTaJIbHbie  JI,OKa3aTGJIbCTBa  6bIJIlI  HMH  HpH- 
BGAGHbl  Ha  OCHOBG  HCn0JIb30BaHHH  HGTO^a  CBGTOpaCCGHHHH.  Ha- 
uiiiMii  nccjiGji,OBaHiiHMn  6biJio  othgtjihbo  noKasaiio,  khk  3to  bhji,ho 
iia  piic.  6,  HTo  npH  pocTG  ;n;HaM6Tpa  noJiUMGpHbix  HacTiiii;  nponop- 

H, IIOHaJIbHO  KOJIHHGCTBy  06pa30BaBinGr0CH  nOJlHMGpa,  HX  HHCJIO 

pG3K0  na^aoT  c rjiySiiHoii  nojiHMepH3ai;HH.  IIoJiyHGHHbiG  pG3yjib- 
TaTbl  HaxOAHTCH  B npOTHBOpGHHH  C TGOpHHMII,  OCHOBaHHbIMH 
Ha  Aonyrn,GHHii  fliiCKpeTHOCTH  hojihmgphhx  nacTHii;  ii  hghsmghhg- 
MOCTH  HX  HHCJia  B xo^G  nojiiiMGpH3ai];HH  H Hao6opoT,  xopomo 
corJiacyGTCH.  c npGACTaBJiGHHHMH  o6  BMyjibCHOHHoii  noJiHMGpnaa- 
IJ;HH  KaK  KBaaHrOMOrGHHOM  npOH,6CCG,  B KOTOpOM  3$$GKTHBHbIH 
oS'bGM  HGnOCpGJI.CTBGHHO  CBHSaH  C o6x>GMOM  HMGIOmGrOCH  B CHCT6MG 
BMyjibraxopa.  • . . 
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Summary 

A kinGtic  study  of  thG  polymGrization  of  mGtliylmGthacrylatG, 
vinylidenG  chlorido  and  chloroprGiiG  in  aquGous  Gmulsion  has 
bGGn  studied  over  a wide  range  of  concentrations  of  emulsifier 
and  initiator. 

Potassium  persulfate,  hydrogen  peroxide,  sodium  perborate, 
benzoyl  peroxide  and  azodiisobutyrodinitril  were  used  ‘as  ini- 
tiators and  the  sodium  salts  of  the  sulfo  acids  of  aliphatic  hydro- 
carbons (MK  emulsifier)  and  sodium  laurate  as  emulsifiers. 
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The  «soap  titratioa»  method  coupled  with  conductimetric 
titration  were  employed  to  determine  the  number  and  size  of  the 
polymer  particles  formed  at  various  stages  of  the  polymerization 
process  with  respect  to  the  concentration  of  the  substances  parti- 
cipating in  the  latter. 

The  kinetic  relations  and  the.  data  on  the  particle  number, 
and  size  were  discussed  from  the  standpoint  of  existing  views 
on  the  mechanism  of  emulsion  polymerization.  This  led  to  the 
conclusion  that  the  discretive  principle  can  not  be  applied  to  poly- 
mer particles,  i.  e.  they  can  not  be  considered  as  micro  — spaces 
where  polymerization  takes  place  independently  of  each  other. 

The  experimental  findings  indicate  that  the  relations  are 
determined  by  the  over-all  volume  of  the  emulsifier,  independe- 
ntly of  whether  it  is  in  the  form  of  micelles  or  is  on  the  surface 
of- the  polymer  particles. 

Hesume 

On  a fait  Tetude  de  la  cinetique  de  polymerisation  eri  emul- 
'sions  aqueuses  du  methacrylate  de  methyle,  du  chlorure  de 
vinylidene  et  duchloroprene  ende  larges  intervalles  de  concentra- 
tion de  I’agent  emulsionnant  et  de  I’initiateur. 

A titre  des  initiateurs  etaient  employes  le  .persulfate  de  po- 
tasse,  Teau  oxygenee,  le  perborate  de  soude,  le  peroxyde  de  ben- 
zoyle  et  Tazodinitrile  d’acide  isobutirique.  En  qualite  des  emul- 
sionnants  etaient  utilises  les  sels  de  soude  des  alcoylsulfates 
(emulsionnant  MK)*,  le  laurate  de  soude. 

Dans  le  but  de  determiner  la  quantite  et  la  dimension  des 
particules  polymerisees  fornaees  durant  de  differents  stades  de 
polymerisation  aux  diverses  concentrations  des  substances  uti- 
lisees  au  processus  on  a applique  le  precede  du  <<titrage  savon- 
neux»  en  combinaison  avec  la  methode  conductometrique. 

Les  regularites  cinetiques  trouvees  et  les  resultats  des  me- 
sures  du  nombre  et  des  dimensions  des  particules  polymerisees 
ont  ete  discutees  du  point  de  vue  des  idees  existantes  sur  le  me- 
chanisme  de  polymerisation  en  emulsion.  Cette  discussion  a per- 
mis  de  faire  la  conclusion,  que  le  principe  de  discretion  ne  peut 
pas  etre  applique  envers  les  particules  polymerisees,  c’est-a-dire 
que  celles  ne  peuvent  etre  considerees  comme  microvolume,  dans 
lequel  s'effectue  la  polymerisation  independamment  d’autres 
particules.  • ' 

Les  resultats  des  essais  nous  montrent  que  les  regularites 
trouvees  sont  dues  au  volume  total  de  T agent  emulsionnant, 
soit  quTl  se  trouve  sous  forme.de  micelles,  soit  qu’il  se  trouve 
sur  la  surface  des  particules  polymerisees. 
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CKOPOCTb  nOJIHMEPH3AI],HH  OflHOK  '^ACTHII.bl 

nPH  aMyJIbCHOHHOH  nOJIHMEPn3AIl,IiH 


A.  P'himaneKy  M*  F Aoymen 

(HeXOCnOBHKHH) 


OflHH  H3  aBTOpOB  .3TOrO  AOKJiaffa  [1]  BHpaSHJI  CKOpOCTb  AJIfl 
OflHOH  ^aCTHn,H  npH  3MyJIBCHOHHOH  nOJIHMepHSai^HH  B o6jiaCTII 
nO.CTOHHHOH  CKOpOCTH  nOJIHMepH3aiI,HH  $OpMyjIOH,  KOTOpyK)  3a- 
TeM  MOAH4)HD.HpOBaJI  H HOJiy^HJI  OTHOBieHHe 


1 

^pol(l) 


2 n ks  (a:) 

■ K 


iTAe 

K - /c2(M)/Na;  ' 

t^poi(i)'—  CKopocTb  nojiilMepHBaAHii  a*^h  oahoh  ^bcthah 

{MOJlh  'CeK~^)\ 

ji  — KOHii,eHTpan,HH  Bcex  Hacrau;  b sMyjibCHH  {MOJib 
y'.  — cKopocTb  BHeApeHHH  paAHKajiOB  HHHAHaTopa  b ^a- 

CTHii;bi; 

(^x)  — aKTHBHan  KOHij;eHTpaij;Hfl  saMeAJiHTejifl  BOKpyr  pa- 
CTyiAero  paAHKajia  {MOJth* 

ks  — KHHeTOTecKaH  nocTOHHHaa  oSpuBa  ii;enH  npn  homoiaii 
aaMeAJiHTejia  {ji-MOJih~'^ceK''^)\ 

,/c2  — KHHexHaecKaa  nocTOHHHaa  pocxa  nena 

•ceK'^)\ 

(M)  — aKTHBHaa  KOHu;eHTpan;HH  MOHOMepa  BOKpyr  pacxy- 
in,ero  paAHKajia  {MOJih- 
Na  ^ ancjio  ABoraApo. 

3xhm  oxHomeHHeM  mojkho  nojibsoBaxbca  npH  aKcnepnMenxajib- 
IHOH  npOBepKe  SaBHCHMOCXH  CKOpOCXH  nOJIHMepH3aH,IIH  AJIH  oahoh 
’HaCXHAbI  ox  BHCJia  aaCXHIl,  'h  HHXenCHBHOCXn  HHHAHHpOSaHHH. 

A^^HHOrO  MOHOMepa  k H k3{x)  hbjihioxch  hocxohhhhmh, 
TaK  Hxo  o6paxHoe  sHaHenne  CKopocxH  nojiHMepnsaAHH  a^ih  oa- 
iHOH  HaCXHAM  SaBHCHX  X0JIbK0][0X  BeJIHHHHH  COOXHOHieHHH  MejKAy 
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HHCJIOM  T;aCTHI];  H CKOpOCTtlO  BHeApGHHfl  paAHKajiOB  HHHI];HaTOpa 
B ^acTHii;H.  IlyTeM  rpa^nnecKOH  3KCTpanoJiHii;HH  saBHciiMOCTH 
o6paTHOro  anaHeHiiH  CKOpocTH  nojiHMepH3an;HH  ^jih  o^hoh  ^a- 
CTHI];i>I  OT  COOTHOmeHHH  MeJKAy  TOCJIOM  HaCTHB;  H CKOpOCTLK)  BHeji;- 
peHHH  pa^HKajiGB  HHimiiaTopa  b ’HacTHii;Bi  mo>kho  nojiyTOTL  oxpe- 
30K  Ha  ocH  ■opji.HHaT,  BejiHHHHa  KOTOporo  BLipa>KaeT  o6paTHyio 
BejiHHHHy  MaKCHMajibHOii  ^ocTHjKHMoii  CKopocTH  nojiiiMepHaaij^HH 
0/J;H0H  HaCTHHIBI  B ^aHHOH  CHCTeMe. 


PhC.  1.  Xofl;  3MyjILCH0HH0H  nOJIHMepH3aiI,HH  BHHHJI- 
aBeTaTa.  CociaB  boahoh  $a3H:  10  mmojicu  K2S2O8, 

10  MMOJteu  Na2HP04,TeMnepaTypa  SO'^;  hhcjio  nacTHu; 

3,62. 10^2^ 

. CoxpaHHH  CKOpOCTb  BHe/i;peHHH  paAHKaJIOB  B HaCTHIlbl  nOCTOflH^ 
HOB,  Ha  OCHOBaHHH  pH^H  OHblTOB,  B KOTOpOM  MeHHeTCH  TOJIBKO 
HMCJio  HacTHii,  HOJiynaeM  saBHCHMocTt  CKopocTH  nojiHMepH3aij;nH 
OT  HHCJia  HacTHH;.  B APyroM  paAy  ohutob,  coxpaHHH  nocxoHHHoe 
HHCJio  HacTHn;  h Menna  HHxeHCHBHoCTb  HHHH,HHpoBaHHH  (nanpHMep, 
HSMeHGHHeM  KOHIieHTpailHH  HHHH,HaTOpa) , MOJKHO  HOJiyHHTb  3a- 
BHCHMOCTb  CKOpOCTH  HOJIHMepHSailHH  A^H  OAHOH  HaCTHpbl  OT 
oSpaXHOH  BGJIHHHHbl  CKOpoCTH  BHeApeHHH  paAHKaJIOB  HHHIlHaTOpa 
B HacTHiiH.  MeHHH  o6a  napanexpa  PAHOBpeMenHo,  nojiynaoM 

aaBHCHMOCXb  CKOpOCTH  nOJIHMepHSaAHH  AJIH  OAHOH  HaCXHALI  OT 
COOTHOHieHHH  MOBKAY  HHCJIOM  HaCTHIi;  II  CKOpOCTbH)  BHeApeHHH  pa- 
AHKaJIOB HHHII,Haxopa  B HaCXHH,bI. 

oKcnepiiMeHTaJibHOH  nposepKH  mh  HaynajiH  aiviyjibCHOH- 
Hyio  nojiHMepH3an,Hio  cxnpojia,  xjioponpena,,  MexHJiMexaKpHJiaxa 
II  BHHHJiaAeTaxa.  CxHpoji,  MexHJiMexaKpHJiax  h bhhhji- 
aAexax  nepoA  nojinMepHsaiiiieH  noABeprajin  peKXH$HKaiinH; 
xjioponpen  neperoHHJin  b BaKyyMO.  CxnpoJi,  MexHJiMexa- 
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KpiijiaT  II  BHHHJiau^eTax  noJiHMepHsoBajiii  npii  50°,  xjioponpeH  — 
npH  40°.  B OTcyxcTBiie  ocoSlix  npiiMeTOHHH  cocxas  BOflHOii  ^aau 
6liji  cjieAyiomiiM:*  10  mmomu  nepcyjitiaxa  Kajina  ii  10 


MMOJieu  AByaaMemeHHoro . (|)Oc- 
(J)axa  HaxpHH  na  1 m boabi 
B 9MyjiBCHH.  B xe^emte  nojiii- 
Mepii3aii;iin  oxSiipara  npoSti 
AJiH  onpeAejieHHH  pasMepoB 
B:acxiir^.  PasMep  HacxHu;  onpe- 
^eJiHJiM  HSMepenneM  flncHMMex- 

pHH  (Z  45/135)  pacceHHHoro 
CBexa  B CHjiBHo  pa36aBjieHHBix 
AHcnepCHHx.  TpeSyeMoe  HHCJio 
HacxHi];  B CHCxeMe  co3AaBajiH 
npH  noMomH  JiaxeKca  c H3Becx- 
HBIM  HHCJIOM  TOCXHU;.  Ha^ajiB- 


^ucno  ^Qcmuu,  ho  U 5bdbi  6 
3M^nuuu  W ' 


HHH  pasMep  HacxHii;  b jiaxence 
COCxaBJIHJI  OKOJIO'  1000  A,  B 
KOHHie  nojiHMep.H3ati;HH  okojio 
2000  A.  B ontixax,  b KoxopHx 
H3MeHHJiH  KOHn;eHxpau;iiK)  hhh- 
n;Haxopa,  6hjio  Hcnojib30BaHO 


Phc.  2 CTHpoji.  SaBHCHMocTb  [o6paT« 
HOil  BGJIHTIIIHH  CKOpOCTH  nOJIHMepHSa- 
u;hh  flJifl  oji;hoh  ^acTHi^Bi  ox  ^iiicjia 
^acTHu;.  CocxaB  bo^hoh  $a3H: 
10  MMOJieii  K2S2O8,  10  MMOAeii 

Na2HP04,  xeMnepaxypa  50°. 


nocTOHHHoe  HHCJio  HacxHii;,  paBHoe  1,5-10^^  na  KajKABiii  1 a boabi 
B jiaxeKce.  Koarn^ecxBo  MOHOMepa,  npHMeneHHoe  k nojiiiMepiisa- 
AHH,  KOJie6aji6cB  ox  1 ao  3%  no  oxHomennio  k boahoh  (|)a3e. 


yucno  HQcmuuHa  ltdodbi  i 
6 3Mynbcuu 

Phc.  3.  Xjioponpen.  3aBHCii- 

MOCTB  o6paTHOH  BeJIHHHHLI  CKO- 
pOCTH nojiHMepH3aAHH  A«^fl  oa- 
HOH  HaCTHAH  OX  HHCJia  ^aCTHA. 
CocxaB  BOAHOH  $a3H:  10  mmo- 

Aeii  K2S2O8,  10  . MMOAeu 

Na2HP04,  xeMnepaxypa  40°. 


Phc.  4.  MexHJiMexaKpHJiax.  SaBiicn- 
MOCXb  oSpaXHOii  BeJIHHHHW  :CKOpOCXH 
noJiHMepnaaAHH  ajih  oahoh  nacTHAM  ox* 
HHCJia  HacTHA.  CocxaB  boahoh  $a3H: 
10  MMOAeii  K2S2O8,  10  ^MMOAeu 

Na2HP04,  TeMnepaxypa^50°. 
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CKopocTb  nojiHMepH3aii,HH  ajih  oAHoii  ^acTHii^ti  Sujia  onpe^e- 
Jiena  nb  JinnenHOH  ^acra  kphboh  nojiHMepH3ap;HH.  IIpHMep  rann’i- 

HOH  KpHBOH  nOJIHMepHBaHHH,  DOJiy^eHHOH  npH  OHHTaX  C BHHHJI- 
amexaTOM,  npHseAen  na  pnc.  1.  Ha  pnc.  2 — 4 noKasanbi  pesyjib- 
xaxH,  nojiyneHHHe  npn  noJiHMepH3an;HH  cxnpoJia,  xjioponpena  ii 
RiexHJiMexaKpHJiaxa  b boahoh  <J)a3e  c nocxoHHHOH  KOHii;eHxpan,HeH 


Piic.  5.  BHHHJiaAeTaT.  SaBHCHMOCTb  oSpaTnoii 

BeJIHHHHH  CKOpOCTH  nOJIHMepHSaAHH  AJIH  OAHOH 
HaCTHAH  OT  TOCJia  HaCTHA  H KOHAeHXpaAHH  HHH- 

AHaxopa.  Tennepaxypa  noJiHMepiiaaAHii  50° 

• — nocTOHHHafit  KOHiieHTpai^HH  HHHu.HaTOpa  H paaJiiiqHoe 
tiHCJio  qacTHA;  o — nocTOHHHoe  hhcjio  qacraix  h paBJimnaH 
KOHACHTpamiH  IIHIIIBiaTOpa. 


HHHAHaxopa  h c paaJiHHHHM  tocjiom  hbcxhu;  b cncxeMe.  Tohkh 
nepeceneHEfl  npaMHX  c octio  opAHnax  onpeAeJiHiox  o6paxHLie 
bgjihhhhh  MaKCHMajibHHX  CKopocxefi  nojiHMepHsaAHH  AJia 

OAHOH  nacxHAH  y cooxBexcxByiomHX  mohomopob;  ohh  paBHbi  a^h 

cxHpojia .0,22*101®' 

xiroponpena 0,15-10i® 

MexHJiMexaKpHJiaxa .0,09-l0i^ 

Ha  pHC.  5 coOpaHLi  peayjibxaxH  AByx  paAOB  ohbixob.  ToHKaMH 
oSosHaneHti  sHaneHna,  nojiyaeKHtie  npn  onHxax  c nocxoaHHOH 
KOHii.eHTpai];HeH  HHHAHaxopa  h c pasjiHHHbiM  hhcjiom  HacxHii;  b ch- 
cxeivie,  KpyjKKaMH  — peayjibxaxu;  ohuxob,  nojiyaeHHHe  - npn  no- 
CXOHHHOM  HHCJie  HaCXHIi;  H paaJIHHHOH  KOHAeHXpaAHH  HHHAHaXOpa . 
B o6ohx  paAax  ohhxob  aKcnepHMenxajibHLie  ycjioBna  6hjih  bbi- 
pajKeHbi  oxHonieHHeM  n/[K2S208]. 

Ha  pnc.  5 bhaho,  Hxo'aepes  tohkh,  noayaeHHbie  o6ohx 
paAOB  OHbixoB,  MOJKHO  ApoBecxH  npHMyio,  xoHKa  nepeceaeHHH  ko- 
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TopoH  c ocbK)  opAHHaT  onpGA  JiHGT  o6paTHoe  sHaueHiie  MaKCHMajib- 
HOH  cKopocTH  noJiHMepH3ai];HH  ajih  HacTHii;H  0,08-10^^.  Bh^cjigh- 
HHe  H3  nojiyHeHHMx  sna^eHHH  MaKCHMajibHbie  ckopocth  nojiHMe- 
pH3ai;HH[  npHBeAeHbi  b Ta6jiHn;e. 


MaKCBMajibHaH  CKOpocTb  nojiiiMepHsaAHH  a^h  oahoh  Macirmw 


MOHOMep 

TeMne- 

paTypa,' 

OQ 

MaKCHMajifaHaa  CKOpocTb 
nojiHMepnsaAHH  Rjia  OflHOfi 
aacTHUbi 

2*CeK-‘ 

Cthpoji  

50 

4,55-10-»'>- 

1,26-10-“ 

Xjioponpen 

40 

6.66-10-“ 

1,85-10-1® 

MeTHjiMexaKpHJiaT  , . 

50 

11,1  -10-“ 

3,09-10-“ 

BHHHJiaueTaT  . . . . 

50 

12,5  -10-“ 

3,47-10-“ 

JlHTepaxypa 

1.  A.  P H m a H e K,  J.  Polymer  Sci,  29,  557,  1958. 


Summary 

The  rate  of  polymerization  for  a'  single  particle  in  emulsion 
,polymerization  in  the  region  of  constant  reaction  velocities  has 
heen  expressed  by  one  of  the  authors  in  the  form  of  an  equation. 
Modifying  the  equation  we  obtain 

1 _ 2 , n ks  (x) 

^pol(i)  ^ vl  ^ 


where  K = 7c2(M)/Na; 

^poi(i) — i*3Lte  of  polymerisationo  of  single  particle  mole/sec); 
n — concentration  of  all  particles  in  emulsion  (mole/1); 

.v'i  — rate  of  incorporation  of  radical  initiator  into  particle; 
(x)  — active  inhibitor  concentration  about  the  growing  radical 

(mole/1); 

/c3  — kinetic  inhibitor  chain  breaking  constant  (l/mole.  sec); 

— kinetic  chain  propagation  constant  (1/mole.,  sec); 

(M)  — active  monomer  concentration  about  the  growing  radical 
(mole/1); 

•Na  Avogadro  number. 
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With  the  a id  of  this  equation  one  may  experimentally  deter- 
mine the  dependence  of  the  rate  of  polymerization  of  a single 
particle  upon  the  total  number  and  upon  the  rate  of  initiation. 
For  a given  monomer  K and  kz{x)  are  constants  and  the  expres- 
sion l/Upoi(i)  depends  only  upon  the  value  of  Extrapola- 

ting graphically  the  dependence  of  l/t^poui)  upon  n/v\  we  obtain 
an  intercept.on  the  ordinate  axis,  the  value  of  which  is  the  recipro- 
cal of  the  maximum  rate  of  polymerization  for  a single  particle 
in  the  given  system. 

Maintaining  v\  constant,  from  a series  of  experiments  in 
which,  the  number  of  particles  is  varied  we  obtain  the  dependence 
of  the  polymerization  rate  upon  the  particle  number.  In  another 
series  of  experiments  with,  constant  particle  number  and  chan- 
ging rate  of  initiation  (for  instance,  by  varying  the  initiator  con- 
centration) we  obtain  the  dependence  of  the  rate  of  polymeriza- 
tion of  a single  particle  upon  i/vl.  Changing  both  parameters 
simultaneously  we  obtain  the  dependence  of  the  rate  for  a single 
particle  upon  the  value  of  n/vi.  These  relations  were  confirmed  in 
experiments  on  the  polymerization  of  vinyl  acetate,  styrene  and 
chloroprene. 


Resume 

La  Vitesse  de  polymerisation  pour  une  (seule)  particule  a la 
polymerisation  en  emulsion  dans  la  region  de  vitesse  constante 
a ete  exprime  par  Fun  des  auteurs  de  ce  rapport  moyennant  une 
formule.  Apres  avoir  modifie  cette  formule  noiis  avons  obtenu 

1 A ._L  ^3  (a?) 

^pol(i) 

ou  k = A:2(M)N/a; 

Lpoi  (1)  — vitesse  de  polymerisation  pour  une  seule  particule 
(mol/sec 

n — concentration  de  toutes  les  particules  en  emulsion  mol/1 

V\ — vitesse  d’implantation  des  radicaux  d’initiateur  en  par- 
ticules; 

(x)  — concentration  active  de  relantisseur  autour  d’un  radical 
croissant  (mol/1 

ks — constante  cinetique  de  rupture  de  chaine  a I’aide  de 
ralentisseur  (1.  mol.'^sec'^); 

k2 — constante  cinetique  de  croissance  dechaine  (1/mol ’^/sec"^); 
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(M)  — concentration  active  de  monomere  autour  d’un  radical 
croissant  (mol.  1"^); 

Na  — nombre  d’Avogadro. 

Cette  relation  pent  etre  utilisee  pour  verifier  experimenta- 
lement  la  dependance  de  la  vitesse  de  polymerisation  pour  une 
particule  relativement  au  nombre  de  particules  et  a I’intensite 
d’ initiation.  Pour  le  monomere  donne,  A et  ksix)  sont  constants 
et  I’expression  l/^^pol  (i)  ne  depend  que  de  la  valeur  n/vi.  A Paide 
d’extrapolation  graphique  de  la  dependance  entre  l/^^pol  (i)  et 
n/  Vi  nous  obtiendrons  un  segment  sur  I’axe  des  ordonnees,  dont 
la  valeur  exprime  une  valeur  inverse  du  maximum  de  vitesse  pos- 
sible de  polymerisation  pour  une  seule  particule  dans  le  systeme 
donne. 

Tout  en  maintenant  vi  invariable  nous  obtiendrons  au  moyen 
d’une  serie  d’essais,  au  cours  desquels  nous  various  le  nombre 
de  particules,  la  dependance  de  la  vitesse  de  polymerisation  par 
rapport  au  nombre  de  particules.  Dans  une  autre  serie  d’essais, 
.avec  un  nombre  de  particules  constant,  en  cliangeant  Pintensite 
d'amorcage  (par  exemple  en  changeant  la  concentration  d’ini- 
tiateur  nous  obtenons  la  dependance  de  la  vitesse  de  polyme- 
tisation  pour  une  particule  par  rapport  a l/vi,  En  variant  les 
deux  parametres  en  meme  temps,  nous  obtenons  la  dependance 
de  vitesse  de  polymerisation  pour  une  particule  relativement 
a la  valeur  n/vi.  Ces  dependances  orit  ete  verifiees  dans  des 
essais  concernant  la  polymerisation  d’acetate  de  vinyle,  de  sty- 
rolene  et  de  chloroprene. 
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3MyJTbCHOHH Afl  IIOJIHMEPH3AI^HH  XJIOPOnPEHA 

r p a6  an^  H.  3 acc  o e a^:  , : 

(HexocJiOBarafl) 


IIpH  3MyjiLCHOHHOH  nojiHMepH3aii;HH  xjioponpeHa  c u^ejibio 
nojiyHeHHH  o6pa6aTHBaeMoro  nojiHMepa  peaKu,HK)  Be;i,yT  jihiiib 
AO  90 — 92%-hoh  CTeneHH  npeBpamenna  MOHOMepa  b noJiHMep. 
BiJine  3TOH  CTeneHH  . npeBpani,eHHH  ASt>Ke  b npHcyTCTBHH  cepH 
npoHCxoAHT  peaKHHH,  BGAyiAHe  K oSpasoBaHHH)  TpexMepHoro  no- 
jiHMepa  — rejiH.  Ero  oSpaaoBaHHe  TeopeTHnecKH  oSocHOBano  h 
B03pacTaeT  jiorapH(|)MHHecKn  b sasHCHMOCTH  ot  CTenenn  npeBpa- 
meHHH  [1].  C 3KOHOMHHeCKOH  TOHKH  3peHHH  ABJIHeTCH,  OAHaKO, 
i];ejiecoo6pa3HHM  aoboahtb  nojiHMepH3aii;HK)  x^ioponpena  ao  6onee 
BticoKOH  CTeneHH  npeBpameHHH  h nojiynaTb  pacTBopHMUH  nojiHMep. 

B nacTOHDAen  paSoTe  mh  nonbiTajiHct  HCCJieAOBaTb  bo3mo?k- 
HOCTb  npHroTOBJieHHfl  pacTBopHMorq  nojiHMepa  npn  nojinnepH- 
3an;HH  xJioponpena  BHme  92%-hoh  CTenenn  npeBpani;eHHn. 
on;eHKH  KanecTsa  o6pa3yK)ni;HxcH  nojiHMepoB  hcoSxoahmo  6iiIjio 
onpeAOJiHTb  onTHMajibHue  ycjiOBHn  BsaHMOAencTBHH  TeTpaaTHJi- 
THypaMAHcyjib^HAa  (T9TJI,)  n conojiHjviepa  xjioponpeHa  c cepoH., 
C 3T0H  AejibH)  611IJI  npHroTOBjien  JiaTenc  no  cjieAyiomeMy  moah- 
(j)Hn;HpoBaHHOMy  peii;enTy  Bapoyca  [2  : 

P e A e n T I 

BecoBue  nacTH 

Xjioponpen 

BoAa . 

K2S2O8  

NaOH  .......  . . . . 

flyCocoji  (aMyjibraTOp,  coAep- 
JKaiAHH  cyjib^orpynnH)  . . 

KaHH$0Jib 

Cepa  ......  


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


I 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


nojiHMepH3aii,HK)  BeJiH  npH  40®  AO  60%-hoh  CTerienH  npe- 
BpameHHH.  OTAeJiBHHe  npo6H  jiaxeKca  noABcprajin  hotom  bobabh- 
CTBHH)  T9Tfl  npH  pasjiHTOHx  pH.  IlocJie  KoaryjiHi^HH  jiaxeKCOB 
an;eTOHOM  h cyinKH  ocbakob  onpeAeJiHJiia  KOJinnecTBO  nojiHMepa, 
HepacTBOpHMoro  b Sensojie  (conojiHMepa  xjioponpeHa  c cepon). 


6 7 6 9 W If  n 

PhC.  1.  SaBHCHMOCTb  KOJIHHeCTBa  HepaCTBO- 
pHMoro  nojiHMepa  (npOAeHX  ot  oSmero  kojih- 
qecTsa)  ox  pH  jiaxeKca,  o6pa6oxaHHoro  T3Tfl,. 

a — OAHOMHHyTHoe  a 6 — j^BCHa^^i^aTH^acoBoe 
BOSAettCTBHe  T9TA 


Ha  pHC.  1 noKasana  saBHCHMOCTb  KOJinnecTBa  HepacxBopHMoro 
nojiHMepa  ox  pH  jiaxeKca,  o6pa6aTHBaeMoro  TexpaaxHnTHypaMflH- 
cynb$HflOM.  Ha  BepxHea  kphboh  axa  aaBHCHMOCxB  noKaaana  noc- 
jie  oAHOMHHyxHoro,  a na  HHJKBieH  — : nocjie  ABeHaAAaxEraacoBoro 
psaHMOAeHCXBHfl  T9Tfl;  c conoJiHMepoM.  Ha  pacynKa  bhaho, 
^xo  npa  pH  Btime  11  oAsoMHHyxHoe  BcaAencxsiie  T9T^Ha  jiaxeKc 

HBJIHexCfl  AOCXaXOHHHM. 

npH  nonHXKe  acnojibaoBaxb  ajih  Hay^enafl  paaJiHHHbix  hhh- 
AHHpyioiAHX  cHCxeM  peAenx  I,  npoacxoAaJia  ‘ c hhhxohchoh  cko- 
pocxbK)  nojiHMepnaaniHH,  HHHAHapoBaHHaH  cHCxeMoa  nepeKHCB  6eH- 
aoHJia  — xpexH^HBiH  aMHH.  Hphhhhoh  cnjiBHoro  aaMGAJieHHfl  nojiH- 
MepnaapaH,  HHapaapoBaHHoa  opranaHecKoa  nepeKacBio,  oKaaajiocB 
Kana^oJiBHoe,  mhjio.  HoaxoMy  a^^b  ABJiBaeamax  accjiGAOBanaa 
npaMenajia  Mepaojiax,  a nojiaMepaaaAaio  npoaaBOAajia  no 
CJiGAyiomeMy  apocxoMy  penienxy: 
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P e n;enT  II 

‘ BecoBBie  nacTH 


XjioponpeH  ' , . . 100 

Bo^a  150 

Mepaojiax  .......  5 

IlepeKHCB  6eH30HJia  . . 0,3 

nepeKHCB  BOflopofla  . . . 0,5 

Amhh  1,0 

TeMnepaTypa  25®  ^ 


Ha  pHC.  2 npHse^eKH  KpHBLie  CKopocTen  nojiHMepHsai^HH, 
COOTSeTCTByiOmHe  HCCJieffOBaHHHM  HHHIi;HHpyiOmHM  CHCTeMaM: 

1—  nepeKHCB  OenaoHJia  (IIB)  5— nepeKHCt  BO^opcAa— flMC 

2 —  riB — AHMeTHJicyjib$aHHJiaT  Ka-  6 — nepeKHCb  BOffopo^a— 

JIHH  (flMC)  , aHHJIHH 

3 —  IIB  — flMG,  cepa  7 — nepeKHCb  BOAopOAa— TpH3TaH0fl- 

4 —  nepeKHCb  BOAopoAa  aMHH 

8 — IIB — B peHenxe  I Bwecxo 
K2S208- 


dpeMfi,  yoc 


PhC.  2.  CKOpOCXb  nOJIHMepHSaAHH  A^IH  paSJIHHHHX 
HHHAHHpyiOn^HX  CHCXeM. 
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[,  G nepeKHCbK)  6eH30HJia  h ^MC  6HJia  AocTHrHyxa  98%-HaH 
CTeneHb  npeBpameHHH  b Te^enne  90  mhh.  (kphbbh  2)  h c toh  me 
CHCxeMOH,  b npncyxcxBHH  cepBi  — 98%-Hafl  cxenenb  npeBpa- 
rn,eHHfl  b xe^enne  160  mhh.  (KpHBaH  3),  B npiicyxcxBHH  nepeKHCn 
BOAopo^a  CKopocxH  nojinMepH3an;HH,  ocoSenno  npn  bhcokhx 

KOHBepCHHX,  3HaHHXeJlbHO  HH- 
me  (KpHBbie  5,  6y  7), 

C iteiibK)  nojiyneHHH  npeA- 
cxaBJieHHH  0 xapaKxepe  hojih- 
Mepa/  oSpaayiomerocH  npn 
HHHAHHpOBaHHH  CHCXeMOH. 
HE  — ^MC  B oxcyxcxBHe  cepH 
(KpHBafl  2 Ha  PHC..2),  onpefle- 
JIHJIH  saBHCHMOcxb  xapaKxepH- 

CXHHeCKOH  BH3K0CXH  (71]  B 6eH- 
30Jie  ox  npoAeHTa  ripeBpani^e- 
HHH  MeXOAOM  «BHCXeKC»  [3]. 

KpHBafl  3XOH  SaBHCHMOCXH 
Ha  pHC.  3 H H3  nee  BtiflncjieH- 
Hafl  KpHBafl  yojijia  [4]  no- 
KasHsaiox,  hxo  oSpaaoBaHne 
pasBexBJieHHbix  h cexflaxux 
cxpyKxyp  HaflHHaexcfl  npn  cxe- 
neHH  npeBpan];eHHfl  okojio 

30%. 

HaynajiH  xaK^Ke  xapaKxep 
nojiHMepa,  o6pa30BaBnierocfl 

npH  noJiHMepH3aii;HH,  nponieA- 

HieH  AO  100%-HOH  cxeneHH 
npeBpani;eHHfl  b npncyxcxBHH  cepu  (npHsafl  3 na  pnc.  2). 
JlaxGKC  noABeprajiH  npn  pH  12  o6pa6oxKe  TOTfl.  h iiojiHMep 
ocajKAajiH  aij;exoHOM.  Ilocjie  o6pa6oxKH  nojiHMepa  SenaojiOM  b hgm 
6hjio  o6HapyH^eHO  88%  rejifl. 

7],flfl  HOHHJKeHHfl  coAepjKaHHfl  rejifl  b noJiHMepe  nocjieAHHH 
OHHX  HOBTOpflJIH  C XBM  paSAHAHOM,  HXO  HpH  80%-HOH  CXeneHH 
npeBpani;eHHfl  b*  aMyjibCHio  AoSaBjinjin  10  bgc.  h.  flexHpexxjiopn- 
cxoro  yrjiepoAa  h 0,25  Bee.  h.  cepu.  IIpH  bxom  npeAHOJiarajiocbj 
Hxo  flexbipexxjiopHCxbiH  yrJiepoA  6yAex  ne  xojibko  peryjiflxopoM, 
HO  H pa36aBHTejieM  oprannHecKOH  4^a3Li,  b peayjibxaxe  Hero  o6jier- 
HHXCfl  AH(|)$y3Hfl  MOHOMepa  H CepH  K paAHKaJiaM,  B03HHKniHM 
H3  HHHAHaxopa  H BHyxpn  AeneH.  nojiHMepH3an;Hfl  Oujia  b 3xom 
CJiyflae  hojihocxbio  saBepmeHa  b xenenne  8 nac.  IIojiHMep,  nojiy- 
fleHHHH  HOCJie  o6pa6oxKH  jiaxeKca  T3T^,  pacxBopfljicfl  b 6eH30Jie 
H coAepHcaji  JiHmb  HHHxoH^Hoe  KOJinneoxBo  MHKporejifl.  XapaKxe- 
pHcxHflecKafl  BflsKocxb,  H3MepeHHafl  B 6eH30Jie,  cooxBexcxBOBajia 
BeJiHHHHe  0,67.  Konexanxa  K H3  ypaBHeHHfl  XarrHHca  cooxBex- 
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PhC.  3.  a. — KpHBafl  SaBHCHMOCTH  [T]] 
OT  npofleHTa  npeBpameHHK  MOHOMepa 
B noJiHMep  Aflfl  HHHAHHpyioiAeH  ch- 
CTeMH  nB  ~ PMC;  6 — KpHBafl 
yojiJia.  [t]]  — xapaKTepncTHflecKafl 

Bfl3KOCTb. 
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CTBOBajia  0,43  h npH6jiH>Kajiacb  k aKcnepHMenTajiBHHM  AannuM 
Momejia  ajih  neonpena  FH  [5],  ^to  yKasHBatex  Ha  HeOoJibinoe 
coAepjKaHHe  pasBexBJieHHHX  cxpyKxyp  b noJiynenHOM  hojih- 
Mepe. 

B CBfl3H  c saMe^JiGHHeM  noJiHMepH3ai];HH,  HaSjuo^aeMHM  npw 
noHHXKe  npHMGHHXb  HHHii;HHpyioiii,yio  CHCxeMy  «nepeKHCb  6eH30ii- 
jia  — aMHH»  B peii,enTe  I BMecxo  nepcyjib<J)axa  Kajina,  npoBepHJiii 
xaKJKe  saMefljiKiomee  ^encTEne  Kann^oJin.  SaMe^jiHiomHe  cboh- 
cxBa  KaHH^ojiH  xopomo  hebbcthh  h 6hjih  noApoOno  HaynenH 
npH  noJiHMepH3aii;HH  ^pyrnx  MOHonepoB  [6].  HcnHxaHHH  ee 
BJIHHHHH  npH  HCCJIGAyeMOH  nOJIHMepH3ai];HH  CXaBHJIH  nOJIHMepH- 

3an;H0HHHe  onHXbi  no  peii;enxy  III. 

PeD,enT  III 

BecoBbie  nacTH 


Xjioponpea  100 

BoAa  150 

Cepa  0,7 

BitfyjibraTop  5 

riepeKHCL  6eH30HJia  0,3 

nepcyjiB^ax  Kaana  ......  0,6 

A3OH306yTHpOHHTpHJI 0,85 


lijinaHBe  BMyabraTopOB  Ha  CKopocTb  nojiBMepHsai^nH 


3MyjibraT0p 

HHHr^naTop 

TcMnepa- 
Typa,  °C 

KpUBaa 
Ha  pHC.  4 

«06biaHafl» 

KaHII({)OJIb 

HB 

HB 

AHBH 

K2S2O8 

40 

25 

50 

40 
' 40 

1 

2 

3 

4 

6 

25  . 

6 

^H^pHpOBatIHafl 

nB 

25 

• r , 

KaHH({)OJib 

AHBH 

40 

8 

K2S2O8 

40 

9 

■ 

25 

10 

Mepsojiar 

riB 

/ 25 

u 
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B 3THX  ontiTax  cpaBHHBajiH  HHHii;HHpyH)in;He  CBOHCTBa  nepe- 
KHCH  6eH30HJia  (IIB),  nepcyjiL^aTa  KaJiHH  h a30H3o6yTHpo- 
HHxpHJia  (AHBH)  b aMyjibCHax  KajiHeBux  mhji  «o6HaHOH»  h rH^pn^ 
poBaHHOH  KaHH(|)OJiH  H Mepsojiaxa  (Ta6jiHD.a). 


/ ? ^ u ^ 


Phc.  4,  CKoppcTB  nojiHMepH3ai;HH  b aMyjitcHHX 
COJIGH  «o6hHHOH[»  H rHApHpOBanHOH  KaHH$OJIH 
H Mepsojiaxa. 

KpHBue  cooTBeTCTByioT  onuraM,  oimcaHHUM  b TaCnnae 


GpaBHeHHe  cooTBexcTByioiniHX  KpnBtix  CKopocxen  nojiHMepii- 
3aii;HH  Ha  pHC.  4 narjiHAHO  noKastiBaex  3aMeAiJiHioni,He  CBOHCXBa 
«o6bIHHOH»  KaHH^OJIH,  pco6eHHO  B upHcyxcxBHH  opraHHHecKHx 
HHHI3,HaxOpOB.  ' 

B xoAe  pa6oxH  6hjio  saMeaeno,  hxo  npoflOJiH^nxejibHoe  npe- 
SbiBanne  aii;exoHa  naff  noaHMepoM,  ocajK^A^HHiiM  H3  jiaxeKca,  o6pa- 
6oxaHHoro  T3T/],,  BHSBajio  noHnaceHne  ero  xapaKxepncxHHecKOH 
BHSKOCXH,  no  CpaBHeHHK)  C BHBKOCXbH)  06pa3I];0B  nOJIHMepOB, 
BHcyineHHtix  HenocpeACXBeHHO  nocjie  Koaryjiai];HH.  ^jih  npoBepKH 
Ha6jiH)AaeMoro  HBJieHHfls  60%-hlih  Ji^xeKC,  npnroxoBJieHHHH  no 
pen;enxy  I,  noABeprajin  BOSAencxBHio  T3T/],  (2,5%  boc.  h3  pacne- 
xa  Ha  noJiHMep)  b xenenke  24  nacoB.  Ho  ncxenennH  ^aHHoro  spe- 
MCHH  npoBO^HJiH  KoaryjiHii;HK)  jiaxenca  aii;exoHOM,  cymny  noan- 
Mepa  H onpeAejieHHe  ero  xapaKxepHcxnnecKOH  bhskocxh  b Sen- 
30Jie.  BejiHHHHa  [tj]  cooxBexcxBOBajia  1,56.  Ha  3xox  nojiHMep 

<9 
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noTOM  BOBAencTBOBajiH  b Te^eHHe  A^yx  lacoB  pacxBopoM  T9Tfl 
B aAeTOHe.  XapaKTepHCTHHiBCKafl  bhskoctb  HcntiTHBaeMoro  hojih- 
Mepa  sa.aTo  BpGMH  noHHSHJiacb  ao  0,87.  IIpH  aghctbhh  na  tot  me 
nojiHMep  pacTBOpaMH  T9TJ^  b 6eH30Jie,  MexaHOJie  h aAeTOHe 
B Te^enne  24  ^ac,,  xapaKTepHCTOTecKaH  BHSKOCTb  noHHSHJiacb 

BO  Bcex  cjiy^aax  ao  0,77.  Bojiee  noApo6Hoe  HCCJieAOBaHHe  axoro 

HBjieHHH  npoAOJi^KaexcH. 
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Summary 

The  emulsion  polymerization  of  chloroprene  has  been  investi- 
gated. Determinations  have  been  made  of  the  effeect  of  the  emul- 
sifier on  the  polymerization  rate  in  the  presence  of  varying  ini- 
tiators. It  has  been  found  that  in  the  case  of  monomer  soluble 
initiators  rosin  soap  (as  compared  with  «merzolyte)>  and  hydro- 
genated rosin)  has  been  found  to  be  a strong  inhibitor  of  poly- 
merization. 

With  the  objective  of  ascertaining  the  optimum  conditions  of 
interaction  between  TETD  and  the  polysulfide  bonds  of  the  chlo- 
roprene-sulfur  copolymer  the  rate  of  rupture  of  the  bonds  in 
relation  to  the  pH  of  the  latex  was  determined.  Polymerization 
of  chloroprene  in  the  presence  of  various  initiator  systems  of  the 
type  peroxide-tertiary  amine  was  investigated,  using  «mer- 
zolyat»  as  emulsifier.  During  the  course  of  the  polymerization  the 
viscosity  of  the  polymer  was  determined  with  the  aid  of  the  «Wis- 
tek»  method  for  determining  gel  formation.  On  adding  5%  by 
weight  of  carbon  tetrachloride  in  the  presence  of  sodium  N,N- 
dimethylsulfanilate  and  benzoyl  peroxide,  a soluble  polymer 
was  obtained,  the  conversion  reaching  a value  of  100%. 
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It  was  shoAyn  that  phenyl-p-naphthylamine  is  an  inhibitor 
of  peroxide  induced  polymerization  but  has  no  inhibiting  effect 
when  aziosobutyrodinitrile  is  employed  as,  initiator. 


Re  s u me 

Dans  ce  travail  on  etudiait  la  polymerisation  en  emulsion  du 
chloropr^ne.  On  determinait  1 ’influence  de  la  nature  d’emulsion- 
nant  sur  la  vitesse  de  polymerisation  en  presence  de  divers  initi- 
ateurs.  On  a trouve  que  dans,  le  cas  des  initiateurs  solubles  en 
naonom^re  le  savon  de  resine  est  un  fort  inhibiteur  de  polyme- 
nsation  (par  rapport  au  mirsolate  et  a la  colqphane  hydrpgenee). 

On  a etudie  la  polymerisation  du  chloroprene  en  presence  de 
differents  systemes  amorcants,  du  type  «peroxyde  — amine  — 
ter»  en  employant  le  mirsolate  comme  emulsionnant.  Lors  du  pro- 
cessus de  polymerisation  on  mesurait  la  viscosite  du  polymere 
selon  la  methode  «visteke»  pour  la  definission  de  la  gelatinisa- 
tion.  En  presence  de  N,N-dimethylsuifonylate  de  sodium  et  per- 
oxyde  de  benzoyle  et  en  additionnant  5%  en  poids  de  tetra- 
chlorure  de  carbone  on  a obtenu  un  polymere  soluble  ala  con- 
version allant  a 100%. 

On  a montre  que  le  phenyl-p-naphtyl amine  est  un  inhibiteur 
de  la  polymerisation  amorcee  par  des  peroxydes  mais  il  n’exerce 
pas  Taction  inhibitrice  etant  utilise  comme  initiateur  du  d’azoi- 
sobutyronitrile. 
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H3MEHEHHfl  nOTEHI];HAJIA  BO  BPEMH 
^OJIHMEPH3A^HH 

B OKHCJIHTEJIbHO-BOCCTAHQBHTEJIbHWX  CHCTEMAX 

» s.  T y p cna^  B u e^ne  e cHti 

(rtojibraa)  ' . . . , 


OSniHpHtie  HCCJieAOBaHHH  npHMeneHHH  OKHCJiHTejibHO-BoccTa- 
HOBHXeJIbHHX  CHCXeM  KaK  HHHI3,HaTOpOB  nojiHMepH3au,HH,  6hjih 
npoBeji;eiiH  KepHOM,  BaKcenj^ajiGM,  BaKOHOM  h ^pyrHMH  aBxo- 
pajvm  [1—3].  3th  Hccjiep;oBaHHH  noKaaajiH,  hto  HHHi],HHpyioiij,ee 

fleilCTBHe  OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHbIX  CHCTeM  COCTOPIT 
B TOM,  HTO  B03HHKai0ni,He  BO  BpOMH  poaKI^HH  MOHCfly  OKHCJIHTGJieM 
H BOCCTaHOBHTGJieM  (b  KaHOCTBe  npOMGJKyTOHHblX  npOAyKTOB) 
paAHKajiLi  o6pa3yK)T  c MOJiOKyjiaMH  MOHOMepa  aKTHBHbie  KOMnjieK- 
CH.  ^encTBHe  bto  6biJio  noApoSno  HCCJieAOBaHo  BaKcenAajieM  h ero 
coTpyAHHKaMH  [2]  Ha  npHMepe  nepeKHCH  Bo^opo^a  h AByxBajieHT- 
Horo  >Kejie3a.  Bo3HHKaioiii;He  rHApoKCHJibHHe  paAHKajibi  pea- 
rnpyioT  c MOJieKyjiaMH  MOHOMepa,  oSpasyn  aKTHBHHO  komajibkch. 
3tHM  HCe  CnOCOSoM  o6'bHCHHJIH  KoJIbTrO(J)$  H COTpyAHHKH  [4]  Me- 
XaHH3M  HHHAHHpOBaHHH  HOJIHMepHSai^HH  npH  nOMOmH  CHCTCMH 
nepeKHCb  SensoHJia  — cojib  AByxBaJienTHoro  JKejieaa. 

BjiHHHHe  ApyrHx  CHCTeM,  HanpHMep,  coAcpjKamHx  nepcyjib- 
^axH,  6biJio  oSbeKTOM  HCCJieAOBannH  neKOTopbix  asTopoB  [1,  5], 

HcCJieAOBBHHH  3TH,  MejKAY  npOHHM,  HOSBOJIHJIH  yCTaHOBHTb, 
*HTO  OnpeACJieHHbie  OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHIie  CHCTCMH  (pe- 
AOKC)  Moryx  A^IH  paSHtlX  MOHOMepOB  H B pa3JIHHHbIX  yCJIOBHHX 
OKasbiBaTb  pasJiHHHoe  BJiHHHne  na  xoa  nojiHMepnsaAHH. 

Tan  KaK  b BbnneynoMHHyxHX  coo6iii,eHHHx  ne  6hjio  npoBeAeno 
HCCJieAOBaHHe  HBJieHHH,  conpoBO>KAaioiAHx  Kan^Ayio  peaKH.Hio 
B OKHCJIHTeJIbHO-BOCCXaHOBHXeJIbHOH  CHCXeMB,  a HMeHHO  H3Me- 
Henne  noTenniHajia  bo  BpeMenn,  to  mh  pemHJiii  b HacTOHmen  pa^ 
Soxe  HCCJieAOBaTb  HSMeneHHH  noTeHu;Hajia  b onpeAejienHbix 
BbiSpaHHbix  CHCTenax  h onpeACJiHTb  B3aHMOCBH3b  c npon;eccoM 
nojiHMepH3aAHH. 
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3TOH  nieJiH  BH6paJiH  ABa  pasHHX  npraepa,  a HMeHHo: 
nojiHMepHaaAHK)  MeiHJiMeTaKpHJiaTa  b boahoh  aMyjibCHH  h nojiH- 
MepH3an,Hio  aKp.HJiOHHTpHJia.  b boahom  pacTBope. 

B nepBOM  cjiynae  OKHCJiHxejib  (nepeKHCb  fiensoHjia)  6wji  pac- 
TBOpeH  B $a3e  MOHOMepa,  a BOCCTaHOBHxejib  (coJib  AByxBajieBiTHO- 
ro  jKeJiesa)  — b boahoh  ^ase.  B cjiyB:ae  nojiHMepH3ai],HH  aKpHJio- 

HHjpHJia  06a  KOMnOHeHXa  OKHCJIHXeJIbHO-BOCCXaHOBHXeJIbHOH  CH“ 

cxeMH  (nepcyjib$ax  h cojib  AsyxBajieHXHoro  HceJiesa)  6hjih  pac- 
TBOpeHH  B BOAB.  ' 


BMyjibCHOHHafl  nojiHMepHsai^HH 
MexHJiMexaKpHjiaTa 

. .^jiH  3MyjibCHOHHOH  nojiHMepH3an,HH  6HJia  BBi6paHa  cjieAyioiAaH 
THnuTOaK  CHCxena: 

MexHJiMexanpHJiax 

BOAa 

nepeKHCb  6eH30HJia 

cojib  AByxBajiCHXHOro  atejieaa 

cop6o3a 

nHpo(|)OC$ax  Haxpna 
cxeapax  Haxpna. 

IIojiHMepHaaAHio  hpoboahjih  b saKptixoM  cocyAe  b axMOC$epe 
asoxa,  npHMeHHH  MarHHxnyio  MemajiKy. 

KoMHOHenxH  CHCxeMH  npABeprajiH  oShhhoh  OHHcxKe;  KpoMe 
xoro  H3  boah,  npeAHaaHaaeHHpH  a^ih  npnroxoBJieHHH  BMyjibCHH, 
yAajiflJiH  KHCJiopoA.  nojiHMepnaanHio  bcjih  npn  nocxoHHHOH  xeM- 
nepaxype,  a*^h  aero  nojibsoBajiHCb  yjibxpaxepMOCxaxoM. 

B peaKxop  6bijih  BMOHXHpOBaHti  ABa  ajieKxpoAa:  njiaxHHOBbiH 
(hJIH  30JI0X0H)  H HeHaCBIII],eHHHH  KaJIOMeJIbHHH  (aJieKXpOA  CpaBHeHHH). 

CncxeMa  ajieKxpoAOB  6BiJia  coeAHHena  c noxeHAHOMexpoM,  npn 
noMOiAH  Koxoporo  HSMepaJiH  HSMeHenHH  noxeHAHajia  bo  BpeMH 
peaKAHH. • 

KpHBaa  npeBpatACHHa  Sbiaa  nocxpoena  xaKJKe  Ha  ocHOBaHHH 
peayabxaxoB  onpeAeJiBHna  coAepsKanHa  MOHOMepa  moxoaoh 
a6cop6i];HOHHOH  cneKxpo(|)OxoMexpHH  b yjibxpa(J)HoaexoBOH  oSaacxH. 

Bbiao  onpeACJiCHO,  axo  pacxBopBi  MexnaMexaKpHaaxa  b axa- 
Hoae  noA^HHaioxca  saKony  Bepa  b HCCJieAyBMOM  HHxepBaae  koh- 
AeHxpaAHH.  KpOMe  xoro  Sh^o  ycxaHOBJieHO,  axo  b HCcaeAOBaHHoii 
o6jiacxH  cneKxpa  xojibko  MexHJinexaKpHJiax  HMeex  MaKCHMyM 
norjioni;eHHa,  b xo  Bpena  Kan  Apyrne  KOMnoneHXH  npaKXHaecKii 
cneKxpa(|)OxoMexpHaecKH  npospaanH. 

BbiineonHcaHHBiM  cnocoSoM  6BiJia  npOBeAena  cepna  noanMepH- 
saAHH  c npHMeneHHeM  o6ohx  moxoaob  HSMepeHHH:  cneKxpo^oxo- 
MexpnaecKoro  h noxenAHOMexpHaecKoro. 
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Ha  ocHOBaHHH  noJiyne^X  noxennHaJia 

KpHBHe:  E “ BpeMeHH.  . 

"^X^yrHHHe  peay^iBxaxH  npeftCxaBaeHH  na  pac.  1 


I 


(«« 


1— 

p„.  1.  3Hy»=.o.-«  “T“"r„T^«». 

H.  3TOM  rpateKe  MKaaa  =“ 

r.°S.“ay  pTaK^n)  6»a’a  o6m.4  «»«  o6ep.  HBMapaeMHX  .e- 

CpaBEBsaH  ^ “„®‘JJro/6oM?TOa’JaMoro  aBaJiasa 

xoR  HX  ananorH^eH.  Jl,?a  Pp  P rvmecxBvex  an  cxaxHCXHqe- 

,to4  aBaaoOT  6mo  "»““■  mpe„eBBH»B 

cKaa  KoppaaaBM  ™ cSc^SSro  Lapasa  6Ha  onpe- 

^eiH^oaSB^errp^Srpa,  BOoae„y.M«4  cepBB  B,„,- 

“TL  _o.^4  c .ep;,— ^ 

perpeccHH;  .4  = — 
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H3MeHeH/eM  aasHCHMocTb  .Meatfly 

BKCTHHKflHH  flJIfl  BblSpaHHOH  “PeBpaifleHHH,  TaK  KaK 

HaaBHa  KOHfleHTpapHH  MOHOM.epa, 

r 

noaHMepHaapHfl  aKpMOHHTpraa 

B pacTBope 

Hpoflecc  noaHMepnaaflHH  Havaaaw 

aKpHaoHHTpHfl  H3yHaaH,  ynoTpeSaafl  cHcreMv 

BOfla  ' 

cepnaa  KacjioTa 
nepcyaB$aT  aMMOHaa 
napocyaB^HT  Kaaaa 
coJiB  flByxBaaeHTHoro  ateaeaa. 

ycaoBHax,  KaK  h 

HOMepa  KOHxpoaapoBaaH  “oapeaTpapHa  mo- 

MeTpHH  B yaBTpa^HoaexoBOH  o6aacxH‘'‘oSr™®“  cneKxpo,|,oxo. 
pacxBopH  aKpaaoHHxpHaa  b axanoap  wo  BBHfly  xoro,  axo 

pa,  Shbo  HeoSxoflHMo  npenBaTiMTATii.  °®'^’™Haioxca  saKOHy  Be- 

9KCXHHKflHH.  ^^BHfleHXpailjHH  MOHOMepa  OX 

neHHH)  c aKpHaomTpaL^M’^  cacxeMBi  no  cpae- 

-SaacH  cStaTX’S.  T,’: 

apem  noaLep53aTO'’“Kp™^®™  ““"'“sm  “PTeHmiaia  bo 

Tpo^oMexpnaecKH.  PeayaBxaxH 

'lae  BMyaBCHOHHOH  noaHMepHaamro^  ™’  ® 

MepnaapHn  - npeflcxaBaeHH  kphbbimh: 


A£’=(Dj(,)  h C: 


<I>2(t)a 


K«  TZZ'SuTT^  POKas.p«  Ha  p„c.  2. 

CXBO.  ...  ’ KPHBBie  HMeiox  HeKoxopoe  CXOfl- 

,I^onoaHHxeaBHo,  c neaBm 

HccaeflOBaHBi  noxeapnaan  npn  noai^nw^™^”  BB-ttenna,  gBiaa 

B pacxBope:  1)  flag  cncxeM  c^oiiHHaw«  ? aKpnaoHHxpnaa 

HeaxoB  OKHcaHxeaBHo-BoccxaHoSxSSott  komdo^ 

-MH  KonpeaxpapnaMH  MonoMepa-  2)  njra  « ho  c pasHH- 

coflepataiflHx  see  KOMnonenxH  okhp™™  cncxeii,  x.  e. 

cncxeMH,  ho  He,  coflepatamHx  mohoXI 

PaayaBaaxB.  «a„.p,„«  „p,,c..bSL‘'„,  ppo.  3 „ 4 ' 

ifin  t-  u H 
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Pmc.  3 noKasHBaex  kphbhg  HSMeHeHHH  noTeHii,Hajia  bo  BpoMH 
TeMemifl  nojinMepnaar^HH  npn  pasHHX  na^ajiBHHX  KOHij;eHTpaii,Hax 
MOHOMepa,  a TaK3Ke  KpHByio  HaMeneHHH  noTeHii.naJia  b CHcxeMe, 
He  C0AepH«aiii,eH  MOHOMepa.  Kan  bhaho  H3  rpa(|)HKa,  bth  kphbhg 
npaKTHHGCKH  HMGIOT  OAHHaKOBblH  XapaKTGp,  HGaaBHCHMO  OT  pa3- 
HOH  nepBOHanajibHOH  KOHAGHTpaAHH  MOHOMepa  h A^Hce  ot  ero 
npUCyTCTBHH  B CHCTGMG. 


Phc.  2.  IIojiHMepHaaAHH  aKpHJiOHHTpnjia  b pacTBope.., 

/ — HSMeHeHHe  noTeniBiajia  bo  BpeMfl  nonHMepHsaiXHii ; 2 — HaMeneHne  crenenn 

npeBpamcHHH. 


Piip.  4 noKasHBaeT  kphbhg  hbmghghhh  noxenAHajia  ajih  moabjib- 
HHX  CHCXGM,  HG  COAep>Kain,HX  MOHOMepa,  C paSHHMH  KOHAGHTpa- 
AHHMH  OKHCJIHXGJIH.  Ha  Xpa^HKa  BHAHO,  HXO , KaK  MOHCHO  6bIJIO 
0>KHAaTB,  B 3TOM  CJiyHaG  HaMGHGHHH  nOXGHAHaJia  HpOHCXOAHX 
paajiHHHBiM  o6pa30M.  > . 

Ha  ocHOBaHHH  HOJiyHGHHBix  pGByjiBxaxoB  MO>KHO  npGAnojio- 

>KHXB,  . HXO  HaMGHGHHH  HOXGHAHaJia  CBHaaHH  HCKJHOHHXGJIBHO  C 
1 ^ MewflynaponHufi  CHMnosHyM,  cchubfi  2 
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peaKi^nefi,  iipoHCXOAHineii  b OKHCJiHrejitHO-BoccTaHOBiiTejibHOM  cii- 
CTene,  hhto  na  ee  xoji,  ne  OKaabisaeT  BJiiiaHHa  npHcyTCTBne  MOHOMepa 
hjih  iiaMeHeHHe  ero  KOHi;eHTpai],HH. 

HaMeHeniie  noTeHii;Hajia  b paccMaxpHEaeMLix  OKHCJiHTejibHO- 
BOCCTaHOBHTeJiLHi>ix|CHCTeMax  CBHsaHO  THKHM  o6pa30M  c peaK- 
Il,HeH  paaJIOJKeHHH  OKHCJIHXeJIfl  II  BHSBaHHHM  3THM  HBMeHeHHeM 


W 20  30  MO  50  60  70  80  90  WO  tW  WOtMUH 


Pile.  3.  HaMeneime  noTeHi],iiaJi.a  bo  BpeMH  nojiHMepH3aii;HH 
aKpHJiOHHTpHJia  H B cHCTeMe,  He  coji;epJKameH  MOHOMepa. 

1 — cHCTeMa,  He  conepmaman  MOHOMepa;  2 — HanajibHan  KOHiieHTpa- 
HHH  MOHOMepa  Cl  = 0,278  3 — nanajibHaH  KOHi^eHTpauHH • MO- 

HOMepa Ca  = 0,558  MOJib/ji^ 

COOTHOmeHHH  KOHUeHTpaii;HH  • OKHCJIHTeJIH  — BOCCTaHOBHTeJIH. 
Motkho  npiiHHTb,  HTO  Ha6jiiOAaeMoe  HSMeneHiie  noTenii^Hajia  HBjiHeT- 
CH  MepOH  CKOpOCTH  peaKIi;HH  paSJIOJKeHHH  OKHCJIHTeJIH,  KOTOpan, 
KaK  H3BeCTHO,  npOTGKaeT  C B03HHKH0BeHIieM  CB060AHHX  pa^H- 
KajiOB  B KanecTBe  npoMejKyTOHHtix  npo^yKTOB. 

CorjiacHO  c jinTepaxypHLiMH  p;aHHLiMH,  bo  speMa  peaKijHH  no- 
JIHMepH3aU,HH  B OKHCJIHTeJIBHO-BOCCTaHOBHTeJIbHblX  CHCTeMBX . p OJIb 
CB060AHHX  paAHKajioB  orpaHHHHBaeTCH  nepHO^OM  HHHi^HHpoBa- 
iiHH'npoii;ecca,  ho  ohh  ne  npiimiMaioT  yaacTHa  b npoHecce  o6pbiBa 
ij,eneH.  npoij;ecc  poexa  nieneii  HBJiaexcH  axanoM  sHaaHxejiBHO  60- 
jiee  6i>icTpi>iM,  HGM  peaKi];Ha  BOSHHKHOBeHHa  cbo6oahi>ix  paAHKaJiOB. 
H3  3Toro  cjieAyex,  axo  cxeneiib  npeBpaiaeiiHa  saBiicnx  ox  cKopocxii 

162  , , 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


BOaHHKHOBeHHH  CB06oflHBIX  paAHKaJlOB,  a TaK5Ke  OT  KOHII,eHTpail,HH 
MOHOMepa. 

Ecjih  b paccMaTpHBaeMOH  HaMH  CHCTeMe  1 (aMyjibcnoHHaH  no- 
JIHMepH3ail,HH)  MO}KHO  6hJIO  6bI  npHHHTb  KOHIl.eHTpau,HIO  MOHOMepa 
(KpoMe  KOHn,eBoro  axana  npoij,ecca)  sa  iiocToaHHyio,  to  KpHBaa 
HaMeiieHHH  noTeHu;Hajia,  onpe^ejiaion^aa  CKopocTB  BoaHHKHOBeHiia 


Phc.  4.  HsMeneEHe  noTenaHaJia  b cHcxeMe,  ne  co;^epH{ameH 
MOHOMepa. 

1 ~ HaMajitHaa  KOHHeHTpaHHH  Ci  = 0,00427  MOAb/ji;  2 — na^ajibHaa 
KOHI^eHTpaHHH  Cz  = 0,0128  MOAb/A. 

cbo5oahhx  paAHKajioB,  ^^ojiH^na  6BiJia  6bi  onpe^ejiaTb  h CTeneHb 
npeBpaiH^eHiia  MOHOMepa. 

Gjiej^yex  OTMexHTB,  hto  npeAHOJiojKenHe  axo  MO>Kex  npHBecxH 
K HSMepeHHK)  HSMGHeHHH  noxeHn;Hajia  bo  Bpena  nojiHMepH3an,HH 
3X0X0  XHna  B OKHCJIHXeaBHO-BOCCXaHOBHXeJIBHBIX  CHCXeMaX,  KaK 
MexoAy  ee  KOHxpojia. 

Mxo  KacaexcH  CHCxeMBi  2 (nojiHMepnaaAHa  b pacxBope),  to  iie 
saBHCHMBiM  OX  nepBOHaaajiBHoii  KOHii.eHTpan,HH  MOHOMepa  aBjiaex- 
ca  xojiBKO  BpeMH  TeaeHHa  peaKa;HH.  HoaxoMy,  npn  xex  >Ke  koh- 
AeHxpaAHHX  KOMnoHeHxa  (oKHCJiHxejiBHO-BOCCxaHOBHxejiBHoii  ch- 
cxeMBi),  HO  npii  paaiiHx  KOHn;eHxpaii,Hax  MOHOMepa  peaKAHa 
npaKTHaecKH  npepHBaexca  na  pasHon  cxenenn  npeBpani,eHHa. 
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' ; . Ha  ocHOBaHHH  nojiyHeHHHx  pesyjibTaTOB  h KHHexHHecKHX 

o6cyBKAeHHH  MO>KHO  BHTOCJiHTb  3Ty  KOHeHHyio  CTenGHb  npeBpa- 
-meHHH.  < . . , / , . 

IIoJiHaH  TeopexH^ecKaa  HHTepnpexau^Hfl  3xhx  hbjighhh  xpeSyex 
pacniHpeHHH  3KcnepHMeHxaJibHbix  MaxepnajiOB  h HBjiaexcH  npe^- 
MexoM  ji;ajibHeHniHX  HCCJieAOBaHHfi.  . 
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Summary 

it 

The  change  in  potential  during  emulsion  polymerization  in 
a system  in  which  the  oxidizing  agent  is  soluble  in  the  disperse 
phase  and  the  redlicing  agent  in  the  aqueous  medium,  has  been 
investigated.  - 

The  process  was  followed  with  the  aid  of  an  ultra  violet  absorp- 
tion V i r . . V 

The  time  - potential  curve  was  found  to  be  linearly  related 
to  the  cul*ve "depicting  the  change  in 'monomer  concentration. 

The  results  of  the  measuremeiits  were  subjected  to  mathemati- 
cal treatiheriF  to  determine  the  correlation  coefficient  and  to  de- 
rive the  direct  regression  equation. 

Moreover  other  systems  containing  reducing  and  oxidizing 
agents  dhd'  thV'mohome^  in  a single  phase  have  been  studied. 
The  change  in  potential  in  the  process  of  polymerization  for  va- 
rying initial  cohc'ehtratiohs  of  the  ihbiiomer  has  been  determined. 
A relation  has*  been  ’ established  between  the  results  obtained  and 
■the  polymerization  process.  > ; 


164 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Res  ume 


On  a fait  I’.etude  de  la  variation  dp  potential  pendant  la  po- 
lymerisation en  emulsion  dans  le  systeme,  on  I’oxydant  est  so- 
luble en  phase  dispersee  tandis  que,.le  reducteur  est  en  phase 
aqueuse. 

Le  controle  du  cours  de  processus  etait  effectue  par  la  method  e 
absorptionometrique  dans  la  region  ultraviolette. 

On  a dtabli  que  la  courbe  de  variation  de  potential  dans  le 
temps  se  trouve  en  corr41ation  lineaire  avec  la  courbe  de  variation 
de  concentration  du  monomere. 

Dans  le  but  d’etablir  la  valeur  du  coefficient  de  correlation 
et’de  deduire  une  equation  de  regression  directe  les  resultats  des 
mesures  ont  ete  soumis  a I’analyse  mathematique. 

Sur  la  base  des  donnees  obtenues  on  a determine  la  depen- 
dance  entre  la  variation  de  potentiel  et  la  variation  de  concen- 
tration du  monomere. 

En  plus  on  a etudie  quelques  aut^es  syslemes  qui  renferment 
le  reducteur,  I’pxydant  et  le  monomere  en  phase  aqueuse.  Une 
variation  de  potentiel  au  cours  dii  procedd  de  polymerisatipn 
pour  de  diverses  concentrations  initiales  du  monomere  peut 
etre  calculee. 

On  a etabli  la  liaison  entre  les  resultats  obtenus  et  le  cours 
du  procede  de  polymerisation. 
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HSyqEHHE  MEXAHH3MA  3MyJIbCn0HH0H 
nOJIHMEPHSAUHH  CTHPOJTA  H XJIOPOIIPEHA 
no  TEIIJIOTE  PEAKII,HH 

3^Manjicen,A^PiM€eQfca6eu 

(HexocjiOBaKnn) 


HSy^eHHH  KHHeXHKH  peaKD,HH  MO>KHO  n0JIb30BaTbCH, 

B ^acTHOCtHi  TeiiJioTdH,  BbiA^aHioineHCH  npH  peaKB^HH.  IIccjie?i,o- 
BaHHeM  pasHOCTH  TeMiiepaxyp  mb^kay  peaKAiioHHOH  CMecBio  n 
OKpyjKaiOmGH  CpBA^H  B BaBHCHMOCTH  OT  BpBMGHH  M05KH0,  nOCJI6  MB- 
TeMara^ecKOH  o6pa6oTKH  bthx  (J)yHKAHH  BpeMeHH  ycxaBOEHTb 
He  TOJibKO  HopflAOK  peaKAHH,  HO  H cooxBexcxByiomHe  KHHexHHecKne 
AOiicxaHTLi. 

UccjiGAOsaHHaH  CHCxeMa  cocxoHJia  h3  noJiHMepnsyeMOH  oMyjib- 
CHH,  noMen];eHHOH  b KOJiSy  eMKOcxbio  500  c napyjKHbiM  boah- 
HblM  OXJiajKA^HHGM,  IIpH  nOMOH^H  XGpMOHapbl  B XeHeHHG  HOJIUMG- 
pH3aAHH  Hepea  onpeAG-JiGHHbie  HHxepBajibi  bpgmghh  hbmgphjih 
pasHOCXb  xeMnepaxyp  AT  mgjkay  AGHXpajibHofi  nacTbio  KOji6bi  h 
oxJiaHCA^noiAGH  Sanen,  noAAGpHCHBaeMOH  npH  hocxohhhoh  xeMiie*- 
paxype,  b ycjioBHHx  paBHOMepHoro  nepGMeniHBaHHH.  ypoBGHb 
>KHAKOCxeH  II  CKopocTb  HOAaHH  oxJian^AaioiAeH  boabi  6biJiH  xohho 

onpeAeJiGHbi.  « 

Hcxoab^  TGHJiOBoro  6aJiaHca,  mh  mojkgm  onucaxb  hccjigayo- 
Myio  CHCTGMy  ypaBHGHHGM 

dqfdx  = Cd{AT)ldT  + KAT.  (1) 

Tenjio,  BHflejiHBineecfl  npn  peaKii,HH  sa  BpeMH  dr,  BacTHTOO 
HaKanjiHBaexcH  h BbiabiBaex  noBbimeHHG  TGMnepaxypbi  ciicxeMbi 
Ha  d ( AT),  ocTaTOK  xenjia  otbormtch  b xoJioRHJibHyio  6aHio.  IIo- 
CTOHHHaa  K {mji  ■zpad''^  -ceK"^)  xapaKTepnayex  ^po^ecc  xenjio- 
nepeA^^^H,  C (KaJi  — xenjiOGMKOcxb  noJiHMepnsyioiAeHCK  cii- 

cxGMbi;  AF  — xenjioxa  noJiiiMepHsaAHH;  [M]  — KOHAeHTpan.Hfl 
MOHOMepa. 

TaKHM  oSpasOM,  B ypaBHGHHG  (1)  MH  MOH^GM  HOACXaBHTb  $yHK- 
ii;hh  BpGMGHH  HpoxeKaiorAGH  peaKAHH.  Mbi  HayniiJiH  cjiynaii  peaK- 
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u;iiH  HyjieBoro,  nepsoro  h BToporo  nopn^KOB  ii  HaniJin  cooTBeT- 
CTByioinHe  pemeHHH  ocnoBHoro  ypaBHenHH  (1)  ajih  aaBHCHMOCTii 
AT  = /(T) 

а)  peaKAHH  nyjieBoro  nopaAKa: 

AT  = — exp  ( — xK / C)]  + ATp  exp  ( — xKjC)  (2) 

б)  peaKAHH  nepBoro  nopaAKa: 

Ar  = [exp  (—  Kix)  — exp  (—  xKjc)]-]- 

+ Arpexp(-Tii:/C).  (3) 

PeaKAHH  BToporo  nopaAKa  HMeeT  necKOJiBKO  6oJiee  cjioacHyio 
4)opMy, 

B ypaBHeHHHx  (2)  h (3)  chmbojih  Ko  h K\  oSosHaaaioT  miHexH- 
HecKHe  KOHCxaHTH  peaKAHH  HyjieBoro  h nepaoro  nopaAKOB,  [M]p 
H ATp  — HHCJio  MOJieH  H pasHOCXb  xeMnepaxyp  b naaajie  peaKii,HH. 

BeJIHHHHH  KOHCXanX  H C,  HJIH  Ka  H Kl  M05KH0  onpeACJiHXb 

iM3  oxHomeHHH  (2)  H (3)  HCCJieAOBaHHeM  HaHAeHHOH  aKcnepHMea- 
xajibHbiM  nyxGM  (j)yHKii,HH  AT(t).  Pacaex  axHx  Koncxanx  aBaaexca, 
’6ojiee  npocxHM  A«Jia  ATp  = 0. 

Menee  saxpyAHHxejibHO  onpeAeaeirae  nocxoaHHbix  K n C viz 
ycxaHOB^eHHOH  onuxoM  saBHCHMOcxH  AT(t)  h h3  Asyx  “ xpex 
BHaaeHHH  rjiy6HHbi  npeBpain;eHHa  x,  H3MepaeMbix  b kohag  peaK- 
AHH  H B xeaeHne  ee  c HcnoJibaoBaHHBM  naxerpapoBaHHoro  ypaa- 
Henaa  (1): 

T . 

q = = CAT  + k JATc/t.  (4) 

u 

Bejianany  aaxerpajia,  onpeAejiaeMoa  naocKOCXbio,  orpaaa- 
aeHHoa  KpBBoa,  ocbio  x a opAaaaxoa  Xi  mojkho  aerao  ycxaao- 
BHXb  [1,  2].  B ypaBHeaaa  (4)  ajieaoM  CAT  b kohag  peaKAaa  npe- 
aeSperaeM;  aaaaeaae  K mojkbo  npocxo  Bbiaacaaxb  a 9xaM  cnoco- 
'6om,  npa  Bxopoa  asBecxaoa  rayGaae  npeBpan^eaaa,  onpeAGJiaxb 
a nocxoaaayio  C.  Tenepb  as  ypaBaeaaa  (4)  Moa^ao  Buaacjiaxb 
aioSyK)  cepaio  aaaaeaaa  rjiySaa  apeBpaa^eana  a aa  ocaosaana 
ax  — BBaaenaa  o6n];ax  CKopocxea  peaKAaa. 


BKcnepaMeHTaJibHaa  aacxb 

HajiojKGHaaa  xeopaa  6HJia  acnoJibaoBaHa  npa  accjiGAOsaaBa 
BMyabcaoaaoH  aoaaMepaaaAaa  cxapoaa  a xjiopoapeaa.  B aaae- 
cxBe  3Myjibraxopa  npaMeaaJiB  boabhb  pacxBop  Jiaypaaaxa  aajiaa 
a cacxeMa  6Haa  aBHAHHpoBaaa  aepcyjib^axoM  aaaaa  npa  40°. 
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XjioponpeH  6liji  omim^en  no  Mexo^y  OKerpena  [3]  n sanac  ero 
coxpaHH^CH  B HecxaCnjinanpoBaHHOM  coctohhhh  npn  — 60°. 

CxHpoji  nocjie  noBTopnon  ;a;HCTHJiJiflii;HH  coxpaHHJin  npn  -xen- 
nepaxype  20°.  IlepeA  ncnoJibsoBaHHeM  neoSxoAHMbie  KOJinnecxBa 
o6ohx  MOHOMepoB  noABeprajiH  neperonne  b BaKyyM.e  na  kojighko 
B xoKe  asoxa.  * 

Jlaypnnax  KaJinn  onHni,ajiH  Afiy^paxHon  nepeKpHCxaJiJiH3aii,i!eH 
H npHMeHHJiH  B BHAB  10%-Horo  pacxBopa. 

TpexHHHHH  4>oc$ax  KajiHH  ynoxpe6jiHJiH  bo  bcbx  onHxax  a^ih 
3a6y|)epHBaHHH  MHJia  b ,KOHii;eHx.paAHH  (3,4  boahoh  (j)a3bi. 

Ohhxh  npoBOAHJiH  B saKpHxoH  rasoHenpoHHAaeMOH  annapa- 
xype,  CHa6>KeHHOH  MeinajiKon,  b oxcyxcxBne  AaB-^BHHH,  b HnepxHon 
axMOC^epe  nncToro  aaoxa,  nosBOJiaioiAeH  bbcxh  npH6aBJieHiie 
MOHOMepa  H 3Myjibraxopa  ’h3  mbphhkob  h ox6op  npo6  noA  AaBJieHneivi 
asoxa.  • 

Ilocjie  BtiAep>KKii  aMyjibrnpoBaHHOH  peaKH,HOHHon  cmbch  npn 
nocxoHHHOH  .xeMnepaxype  b ycjiOBHHX  nocxoannoro  nepeMemuBa- 
HIIH  H3  CHaSjKBHHOH  BOAHHOH  py6aniKOH  6K)peTKH  npH6aBJIHJIH 
CBejKenpnroxoBjieHHBiH  pacxBop  HHHAnaxopa  n neMBAJieHHO  na- 
aHHajiH  aanncb  nepea  HHxepBajiH  BpeMenn  b 1 mhh.  perHCxpnpye-'’ 
MBix,  rajiBBanoMexpoM  MmoBenHux  paanocxen  XBMnepaxyp  3Myjii>- 
CHH  H 6aHH  c xonnocxLK)  +0,005°.  II|ejiecoo6pa3HO  noJibsoBaxBca) 
xepMonapoH  c hoaxoahiahm  ycnjiHxejiBM  nocxoanHoro  xoKa  n ca- 
MonnniyiAPiM  MHJiJinBOJibTMeTpoM  [4]. 

KiraeTHKa  OMyjibCHOHHon  nojiHMepH3auHii  cxnpojia 

^Jia  KajiH6poBoaHBrx  HSMepeHun  npoBOAHJin  aMyjibCHOHHyio 
nojiHMepnsaAHio  xopomo  nayaennoro  MonoMepa  cxnpojia. 

Ha  pnc,  1 npeACxaBJiBH  xnnnaHHH  cjiyaan  saBHCHMOCxn  AT 
npn  nojiHMepH3an;HH  cxnpoJia  b aMyjibcnoHHon  cncxeMe  ox  spe- 
Menn.  ropnaoHxaabHaa  aacxb  KpnBOH  cooxBexcxByex  nepnoAy 
peaKAHH  HyjiBBoro  nopaAKa  npn  o6iAeH  CKopocxii  noJiHMepn3a- 
n,HH  v's  = 8,01*10"®  *ce«"^,  ycxaHOBJiBHHOH  na  ocnoBa- 

HHH  peayABxaxoB  A^yx  naMepeniiH,  npoHSBeABHHBix  c xohhocxbio 
1 — 2%.  3a  3XHM  nepnoAOM  cjieAyBx  nepnoA  CKopocxn  peaKAHH 
nepBoro  nopaAKa,  BBiancjieHHBiH  na  ypaBnenna  (3).  Ha  pnc.  1 
npeACxaBJieHH  xoace  snaaenna  cKopocxH  peaKAnn  nyjieBoro  no- 
paAKa,  BBiancjieHHbie  H3  ypaBnenna  (2)  c MOMenxa  oxJiajKAenna 
CHCxeMBi  AO  ATp  — 0 npnSaBJieHneM  pacxBopa  HHimnaTopa  npn 
noBTopnoM  onbixe.  . 

B xoaKB  neperH6a,  b Koxopon  MexannsM  peaKAnn  iisMenaexca, 
H HcaesaioT  nocjieAnne  Kanjin  MonoMepa,  Becb  MonoMep  naxoAnxca 
b aacxHAax  Jiaxekca  n npn  nsBecxHon  rjiy6HHe  npeBpaiAenHa(npn 
naniHx  HSMepennax’B  npeABJiax  41— 43%)Mo>Kno  BBiancjiHTb  koh- 
ABHxpaAHio  MOHOMepa  b aacxHAax  JiaxeKca  [5]. 
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Piic.  1.  SKcnepHMeiixaflbHafl  saBHciiMOCTb  AT  = /(t)  ^jih  9My;ibCH0HH0u  nojiHMepii3ai^HH  cTiipojia. 
OTHomeime  $a3  1 : 3,31  (68  : 225/;  xeMneparypa  TepMocTaxa  40°. 

i — cocxaB  BOMUOii  ^asu:  aMyjibraTOp  5,8  a/A.KtSiO*  1,052  aM;  2 — npHOaBacHiJ  KtStOg  2,104  e/A  + KHSO^  0,819  3/a. 
BbimicJieHO  H3  ypaBaeHWH  (2);  BUHHcaeHo  hb  ypaBHemiH  (3), 
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Sna^enHa  ‘ rjiy6HH  npeBparaeaiia',  BHancjieHHBiji  OT^Home- 

HHH  [4]  jijifiK  “ 0,118  KKaji  •epad''^  = 0,3  nnaji  • epad''^ 

xoporao  coBna^aiOT  c peayjibTaxaMH  omiTOB. 

: 8,0 

8.0 

^.0 


2,0 


; 10 

■^,5 

0.2  0,^.  0,6  0,8  10  2.0  ' 

^S^Os 

/ PhC.  2,  1 — SaBHCHMOCTL  CKOpOCTH  9MyJIBCH0HH0fi  ^HOJIHMe- 
pH3ail,HH  CTIIpOJia  Vg  OT  KOHIi;eHTpaU,HH  K2S2O8;  2 — 3aBHCH- 
MOCTL  KOJIHHeCTBa  'laCTHU;  JiaTGKCa  N OT  KOHI];eHTpai^HH  K2S2O8. 

OTHomeHHe  $a3  1 :3,31;  xeMnepaxypa  40®.  KonpeHTpapua  aiwyjibraTOpa 
5,81  z!ji  b BOHHOii  $a3e 

Ha  ocHOBaHHH  xo^a  kphboh  aaBHCHMOCxH  AT  ox  BpeMenii 
Mo>KHo  saMexHxb  3(|)$eKx  rejieoGpasoBaHHH  b npe^ejiax  65 — 
75%-hoh  rJiySHHBi  npeBpamenna  [6],  ^ajibHenniKM  Ao6aBJieHHeM 
MHHi];Haxopa  bo  BpeMa  nepiio^a  peaKi^HH  nyjieBoro  nopaAKa, 
Koraa  ya^e  ne  npncyxcxByioT  CBo6oAHHe  MHi];ejiabi  oMyabra- 
Topa  H HO  Moryx  BOSHHKaxb  HOBbie  aacxHij;bi,  CKopocxb  noJiHMe- 
pnaai^HH  noBbiCHXb  nejibsa.  OAHaKO  ycKopenne  peaKAHH  b o6aa- 
•cxH  reaeoSpasoBaHHa  (npeACxaBJieHHoii  na  pac.  1 nyHKXHpHoa 
KpHBOH  2)  MOHCeX  6bIXb  BH3BaHO  nOBHinGHHeM  KOHAeHTpaAHH 
CB060AHHX  paAHKajiOB  B aacxHAax  JiaxeKca. 

^jia  cayaaa  aMyjibCiiOHHoii  noJiHMepasaAHH  MOHOMepa  cxii- 
pojia,  oaeHb  mbjio  pacTBopanoro  b boao,  b cacxeMe,  b Koxopoa 
'CBo6oAHbie  paAHKaabi  oGpasyioxca  b boahoh  $a3e  a yaaBJiaBaioxca 
aacxaii;aMa  aojiaiviepa,  MHorae  aBxopH  Aonasajia  xopoaiee  corjia- 
cae  c BHBOAaMa  aAeaabaoa  KaHexaKa  Cnaxa  a OeapTa  [7].  9xa 
Tcopaa  a apa  orpaaaaaBaion^Hx  npeAnojioa^eaaax,  o6cy5KAaeMbix 

170 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Me^BeAeBHM  [8],  yAOBJiexBopHxejibHO  omiCLiBaex  flauHLiii  cjiy^iaii 
HHHI3;iIHpOBaHHH. 

Ha  ocHOBe  AanHBix,  nojiy^enHbix  npii  HaMepenmi  o6meH  cko- 
pocTH  peaKii;HH,  naMH  xaKH^e  Shjio  ycxaHOBJieno  corjiacne  c axon 
TeppHcfi:.  Ha  pnc.  2 npeftcxasjieHa  b cncxeivie  ji,boh;hijIX  jiorapH^- 
MF/qeCKHX  KOOpAHHaX  saBHCHMOCXb  HHCJia  HaCXHIi;  ox  KOHII,eHXpaH,HM 

iiripmHaxopa  npa  nocxoaHHoii  KOHi;eHxpaii,HH  aMyjibraxopa.  yriio- 
BoIh  K03$$HIi;neHT  oSOHX  4)yHKU,HOHaJIbHbIX  SaBHCHMOCXeH  copx- 
BercxByex,  no  xeopHii,  0,4-h  cxenenn  KOHU,eHxpaii,HH  HHHi^naxopa. 
BcjJinnHHa  nacxnn;  SHJia  onpeAeaena  moxoaom  CBexopacceHHHH  no 
aHjanennaM  AHCHMMeTpiiH. 

i BbinncjiGHnan  na  ocnoBanHii  naMepennbix  ananennH  o6n],HX 
•ci^opocxen  peaKn,iiii,  nncjia  nacxnn;  ii  KOHii;eHXpaii;HH  MonoMepa 
(5j,7 -10"^  MOJih-CM'^)  B nacxHi],ax  Jiaxenca  KHHexnnecKaa  koh- 
cxjanxa  pocxa  ii;enn  cxnpojia  npn  40°  oxBenaex  BHanennio 
102  ji  'MOJih'^  'ceK~^  H naxoAnxcH  b xopomeM  corjiacnn  c peayjib- 
;Ta,'xaMH  Apyriix  aBxopoB  [5,  9],  noJiynenHbiMH  na  KHHexnnecKHX 
ii^Mepennii  b aMyjibcnoHHoii  cncxeMe. 

r 

RnneTHKa  oMyjibCMOHHoii  nojiHMepH3au,HH  xjioponpeHa 

Xoff  oxAeJibHHX  ynacxKOB  npnBon  aaBHCHMOCxn  xeMnepaxypbi 
ox  BpeMenn  npn  aMyjibcnonnoH  noJiHMepiiaaAHH  xjioponpena 
(pkc.  3)  MOHCHO  cpaBHHXb  c xaKOBbiM  npn  aiviyjibCHOHHOH  nojinisie- 
pii3an.HH  cxnpoJia,  Ilocjie  nepno^a  peaKAHH  nyjiOBoro  nopnAKa, 
•c^ah  no  BnanennaM,  BHnncjienHbiM  113  ypaBHeima  (3),  ynce  npn 
37% -non  rJiy6HHe  npeBpan^enna  nacxynaex  KopoxKnn  nepnoA 
p^aKAHH  nepBoro  nopaAKa. 

Hxo6bi  onpeAeanxb,  naMenaexca  an  CKopocxb  noanMepnaai^nn 
na  GAny  aacxHi];y,  b nepnoAO  iiyaeBoro  nopaAKa  Aonoanaxeabno 
npH6aBaaaii  nnHAnaxop.  Kan  bhaho  H3  pnc.  3,  b axoMnepnoAO 
o6ui;aa  cKOpocxb  peaKAnn  ne  noBbicnaacb.  Tanne  peayabxaxbi 
npoxHBopeaax  yKasaniiaM  Mopxona  n coxpyAHimoB  [10],  Koxopbie 
ycxanoBnaii  npn  npHBHXon  noaHMepH3an;iiH  xaoponpena  saBH- 
oHMOCXb  CKopocxH  peaKAHH  B oAHon  aacxHAe  ox  KOHH;eHxpan;iiH 
HHiiAiiaxopa.  OAsaKO  9xh  aBxopbi  Bean  onbixbi  c Apyroil  noanivie- 
pH3aii;HGHHOH  CHcxeMOH  II  pacxojKAeHiie  pesyabxaxoB,  homiimo 
ocxaabHbix  (J)aKxopoB,  Moacex  6bixb  BbisBano  npncyxcxBneM  aaMOA- 
anxeaen,  Bananiie  Koxopbix  KoaiiaecxBenHO  nsyana  PbnnaneK  [11]. 

C AeabK)  npoBGpKH  axnx  a^^hhhx  6biao  iiccaeAGBano  Bananne 
KOHAenxpaAHH  iinnAnaxopoB  na  o6iAyK)  CKopocxb  noanMepiisaAmi 
n na  oOpasoBaniie  aacxnii;  npn  nocxoannoM  KoanaecxBe  ncnoab- 
BOBannoro  oMyabraxopa.  VraoBon  Koa^^HAiienx  oSenx  aHnen- 
Hbix  4>yHKii;HH,  npeACxaBaeHHHx  na  pnc.  4 b aorapH(|)MHaecKOH 
OHCxeMe  KOOpAHnax,  cooxBexcxByex  npnSansHxeabHO  0,4-h  cxenenn 
KOHnenxpaAHH  HHHi;iiaTopa  no  xeopiin  Cmiixa  — >3Bapxa. 
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yHHTfljKen  II  coipyAHHKH  [12]  Hsy^ajiH  BjiHAHiie  KOHn,eHTpa- 
i^HH  3MyitbraTopa  npn  BMyjiLCHOHHon  nojiHMepHsan^HH  xjioponpena 
na  o6pa30BaHHe  ■qacTHn;  B oTcyTCTBHe  HHimnaTopa;  ghuth  BejiH 

!\T 


0,3 


OX 


, 0 ^ ^ 1 '2 J . 4 ^ . 3 T 

Phc.  3.-  SKcnepHMeHTajiBHaa  aaBHcuMOCTb  AT  = /(t)  aMyjibCHdHiiOH  hojihmc- 

pHsaiiHH  xjioponpena. 

OTHomeHne  $33  1 : 3,31  (68  : 225);  TeMnepaTypa  TepMOCxaTa  40°.  CocxaB  boahoK  (Jasbi; 
DMYJibrafop  5,8  z/ji,  KgSgOg  0,360  aM,  npBOaBjieHHe  KjSzOa  0,360  8/;t,  KHSOs.  0,4,45  8/y»;, 

BHHHCJieHO  H3  ypaBHCHHH  (3). 

c CHCTeMOH,  nojiHMepiiayioineHCH  noA  BjiHHHHeM  npHcyTCXByio- 
mux  B MOHOMepe  nepeKHceH.  Ilocjie  nepecHexa  AannHX  3Thx  bbto- 
poB  o coAepJKaHHH  3Myjii>raTOpa  b CHCxeMe  Ha  KOHii;eHTpai],HK)  ero 
B BOAHOH  $336  MO>KHO  saMeTHTb  npOnOpU,HOHaJIbHyiO  SaBHCHMOCTb 
MejKAy  • COOTBeXCTByiOIAIIMH  JIOrapII$MHHeCKHMH  BeJIHHHHaWH 
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c yrjiOBHM  K03(|)4)Hii,iieHT0M, 0,9.  ynoMHHyTaH  CHCTeMa  B.6ojibmeM 
npii6jiH>KeHiiH  nbJiHMepnayeTCfl  no  MexaimsMy,  npe^jion^enHOMy 
MeABeAGBLiM  [8]  ajih  cjiynan,  b KOTopoM  HHHn;HaTop  pacTBopHM 
B yrAeBpAopoAHOH  (|)a3e. 


' ^/(zSsO„  , . ■ ■ . ■ ■ 

. Pile:  4,  1 — SaBHCHMOCTb  CKOpOCTH  SMyJIbCHOHHOH  nOJIIlMepB- 

, saAHH  xjipponpena  OT  KOHiieHTpaAHii  K2S2O8;  2 — saBHCHMocTb 
KOJiHHecTBa  ^acTHA  jiaxeKca  ot  KOHAeHxpaAHH  K2S2O8/ 

OTHoraeHHe  $33  1[:  3,31;  TeMnepHTypa  ^O®.  KoHi^eHTpaixnfT  eMyiibraTOpa 

5,81  z/ji  B BoiUHoii  $a3e,  • - ■ , 

KnHeTHHecKan  KOHCxanTa  poexa  ii,enH  xjioponpena  npn  40®, 
BbinHCjiGHHan  na  oCHOBannH  Hamnx  HaMepennn  o6n],Hx  CKopocxeii 
nojiHMepH3an,HH,  nncjia  nacxnn;  h KOHi];eHxpaii;HH  MonoMepa  b na- 
cximax  jiaxGKca  (7,6*10  ^ MOJih oxBGnacx  ananGHUK) 
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Summary 

Investigation  of  the  polymerization  process  was  carried  out 
on  emulsions  placed  in  water-thermostatted  flasks.  The  tempera- 
tures of  the  central  part  of  the  flask  and  of  the  thermostat  were 
measured  with  the  aid  of  thermocouples.  The  heat  balance  of  the 
reaction  system  under  investigation  is  given  by  the  following’ 
differential  equation; 

dqldx^Cd{M)ldx  + KAT.  (1> 

The  quantity  of  heat  dq  evolved  during  the  time  dx  in  the 
course  of  the  reaction  raises  the  temperature  of  the  system  by 
d{^.T),  part  of  the  heat  being  removed  by  the  cooling  bath.  The 
constant  K expresses  the  over-all  heat  transfer,  C is  the  overall 
heat  capacity  of  the  polymerizing  system. 

The  left  side  of  equation  (1)  contains  the  time  function  of  the 
reaction.  We  investigated  the  cases  for  zero,  first  and  second  order 
reactions  and  derived  the  corresponding  solution  of  the  basic 
equation  for  AT  = f('t) 

a)  zero  order  reaction: 

AT  = (AHK^IK)  (1  — e-Kr/c  (2> 

b)  first  order  reaction: 

AT  = [{AHKi  - Mp)/{K  - CKi)]  {e-^T  - 

_ e-KT/c  ) + ATp  (3> 

c)  second  order  reaction: 

AT  = {AHMpIC)  — l/(Mp,  -f- 1)]  -j- 

+ AT p e-^/c  + {^HKfC^  Kn)  A:  ut  -f  1)  x 

X {Ei  Kn)  (A/p  A'n  x -b  1))  - Aj  (AyCA/p  (A^n)}  (4> 
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equations  (2),  (3),  and  (4)  are  the  zero> 
first  and  second  order  rate  constants,  Ml,  the  heat  of  polymeri- 
zation, Afp  and  ATp,  the  number  of  moles  and  the  temperature 
difference  at  the  start  of  the  reaction;  the  difference 

Ei  (x)  = ^ {e^Jx)  dx 

— oo 

is  the  so-called  reduced  exponential  integral,  values  of  which  are 
tabulated. 

The  constants  iT  and  c may  be  calculated  from  the  experimen- 
tal curve  AT  ~ / (t)  and  from  two-three  values  for  the  degree  of 
conversion  in  the  course  of  polymerization.  From  this  any 
number  of  values  may  be  obtained  for  the  degrees  of  conversion 
with  time.  For  such  values  we  derived  the  following  relation: 

log  If  = i log  M + (5) 

where  A/?/At  is  the  over-all  reaction  rate  expressed  by  the  increase 
with  time  of  the  amount  of  polymer.  Expression  (5)  has  a conve- 
nient linear  plot  and  from  the  slope  and  the  intercept  on  the  ordi- 
nate axis  the  reaction  order  i and  the  rate  constant  Ki  may  be 
determined  directly. 

The  theory  was  applied  to  a kinetic  study  of  the  emulsion 
polymerisation  of  styrene  and  chloroprene.  An  aqueous  solution 
of  potassion  laurate  served  as  emulsifier  and  potassium  persul- 
fate as  initiator.  The  reaction  was  carried  out  at  40°G.  The  me- 
thod permits  accurate  determination  of  the  overall  polymeriza- 
tion rate  and  of  the  monomer  concentration  in  the  latex  par- 
ticales. 

In  a number  of  experiments  the  reaction  rates  and  quantity 
of  latex  particles  as  function  of  initiator  concentration  were 
determined.  The  results  were  compared  with  conclusions  follow- 
ing from  the  Smith-Evart  quantitative  theory  of  emulsion  poly- 
merization. 

The  constants  of  chain  growth  of  polystyrene  and  polychlo- 
roprene  were  determined. 
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Resume 

L’etude  de  polymerisation  s'executait  avec  Temulsion,  pla 
cee  dans  un  ballon  thermostate  par  Teau.  On  mesurait  la  tempe- 
rature au  milieu  de  ballon  et  du  thermostat  par  un  couple  ther- 
mo electrique.  . > , 

L^equilibre  thermique  du  systeme  reactionnair®  ^ etudier 
est  exprime  en  forme  differentielle  par  Inequation; 

+ . (1) 

La  quantite  de  chaleur  dq  qui  se  degage  au  de  la  reaciton 
en  temps  dx  augmente  la  temperature  du  systeme  de  c?(A  T); 
quelque  peu  de  chaleur  est  eyacue  par  un  bain  refroidissant.  La 
constante  K exprime  le  total  du  transfert  de  chaleur.  C designe 
une  capacite  thermique  sommaire  du  systeme  se  polymerisant. 
La  partie  gauche  de  L equation  (1)  comporte  la  fonction  de 
temps  de  la  reaction.  Nous  avons  examine  le  cas  des  ordres.  niil, 
premier  et^  deuxieme  et  elabore  une  solution  correspondante  de 
inequation  principale  pour  AT  = / {'^)- 
a)  Reaction  de  Tordre  nul: 

at  = ^^“(1  — e“  + Arpe""  ^ (2) 

■ 'A  ’ ■ 
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^i(^) 

Oil  K^,  Ki  et  Kii  en  equation  (2),  (3)  et  (4)  presentent  les  vitesses 
‘constantes  des  reactions  des  ordres:  nul,  premier  et  deuxieme; 
H est  la  chaleur  de  polymerisation,  Mp  et  A7'p  designent  une 
quantite  des  mols  et  une  difference  des  temperatures  an  debut 
de  la  reaction.  La  difference 

•Ei  (a:)  = J f t/a; 

— CO 

designe  «fonction  exponentielle  integrate  reduite»,  dont  les  var- 
leurs  sont  contenues  dans  les  tableaux. 

A partir  de  la  courbe  AT  ==  /(t)  et  deux-trois  valeurs  du 
degre  de  transformation,  determinees  au  cours  de  polymerisa- 
tion, on  pent  calculer  les  valeurs  des  constantes  et  C et  calcu- 
ler,  ainsi,  une  serie  arbitraire  de  valeurs  du  degre  de  transforma- 
tion par  rapport  au  temps.  Pour  ces  valeurs  nous  avons  fait  la 
relation 

log  ^ / log  M + log  Ki  (5) 

ouAp/At  est  la  Vitesse  generate  de  reaction  exprimee  par  une  aug- 
mentation de  la  quantite  du  polymere  selon  le  temps.’  La  rela- 
tion (5)  a une  presentation  lineaire  commode;  a partir  du  coef- 
ficient angulaire  et  tron^on  sur  Laxe  des  ordonnees  on  pent 
determiner  directement  Lordre  de  reaction  i et  une  constante  de 
Vitesse  de  reaction  Ki. 

Cette  theorie  a ete  appliquee  pour  L etude  de  la  cinetique^ 
de  polymerisation  en  emulsion  du  styrolene  et  chloroprene. 
A titre  d'emulsionnant  a ete  utilisee  une  solution  aqueuse  de  po- 
tassium laurique  et  pour  amorcer  la  polymerisation  on  a employe 
persulfate  de  potassium  a 40*^0.  La  methode  permet  de  mesurer 
exactement  une  vitesse  totale  de  polymerisation  et  de  determiner 
la  concentration  de  monomere  dans  les  particules  du  latex. 

Durant  quelques  essais  on  a mesure  les  vitesses  de  reaction  et 
la  quantite  des  particules  du  latex  suivant  la  concentration  d'ini- 
tiateur.  Les  resultats  ont  ete  compares  aux  deductions  de  la  theo- 
de  quantitative  Smith  *—  Evarte  pour  la  polymerisation  en 
•emulsion. 

Des  constantes  * de  croissance  de  chaine  du  polystyrolene  et- 
celles  du  polychloroprene  ont  ete  determinees. 
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^OJIHMEPH3A^Hfl 

B nPHCyXCTBHH  OPPAHHHECKHX  COEJ^HHEHIT0 
mEJIOHHLIX  METAJIJIOB 

10,  Jl.  C n u p u K,  JI  o ,/isH  no  A,  P,  PanmMaooepy. 

C,C.  Medeedee 

(CCCP) 


HHTepecHaH  ocoSennocTB  noJiHMepH3ai];HH  MOHOMepoB  b npn-^ 
CyTCTBHH  OpraHHHeCKHX  COej^HHeHHH  MeTaJIJIOB  — 

aaBHCHMOCTB  CTpOeHHH  nOJIHMepHOH  I],enH  OT  npHpO^BI  BBl6paH- 
Horo  KaTajiH3aTopa  h cpe^Bi. 

‘ Bhjio  noKaaaHO,  hto  CTpyKTypa  nojiH6yTafliieHa  [1]  h nojiii- 
H3onpeHa  [2],  a TaK>Ke  cocxaB  pa^a  conojiHMepoB  [1,  3,  4]  pesKO 
MeHHiOTCH  npH  saMene  JiHTHiiajiKHjiBHHX  KaTajiHsaTopoB  6ojie& 
nojiapHBiMH  HaxpHHajiKHJiaMH,  a xaKjKe  npn  nepexoji;e  ot  yrae- 
BOAOpOffHOrO  paCTBOpHTeJIH  K aMHHy,  34>HPy  H JI,pyriIM  COeftH- 
HeHHHM  THna  JllOHCOBCKHX  OCHOBaHHH. 

B npe^BiflymeM  pa6oTe  [4],  na  ocnoBe  anajiHaa  ^aHHHX  o sasH- 
CHMOCTH  cocTaBa  pafla  conoJiHMep.OB  ot  ycjioBHH  noJiHMepnaaii^HH, 
oco6eHHOCTH  npon;eccoB  nojiHMepH3ai];HH  b . npHcyxcTBHH  jihthh- 
ajiKHjiBHHx  KaxajinaaxopoB  6hjih  o6BHCHeHBi  yaacxneM  JiHxneBOH 
KOMHOHeHTBi  KaTajiHsaxopa,  HapHAy  c KapSaHHOHHoii,  b aKxax  po- 
cxa  nenH. 

B Haoxoameii  paSoxe  HCcaeAOBajin  pasAejiBnyio  h coBMecxHyio- 
nojiHMepH3ai].Hio  Haonpena  h cxapojia  c jihxhhoxhjiom  b xojiyojio 
H B CMecH  TOJiyojia  c xpHaxHJiaMHHOM  c ii,eJiBK)  A^JiBHetniero  BBiac- 
HeHHa  MexaHH3Ma  3Thx  npoii;eccoB. 

KaHOTHKy  HsyaajiH  AHJiaxOMexpaaecKHM  mbtoaom  b ycjiOBHax^ 
ECKJiioaaioiAHX  nonaAaHne  Bjiara  h BosAyxa.  MexoftHKa  3KcnepH- 
Menxa  onncana  b npoAHAyi^eii  pa6oxe  [4],  CocxaB  .conojiHMepoB 
onpeAejiaJiH  Mexo^aMH  HH(|)paKpacHOH  cneKxpocKonHH,  ajieMen- 
xapnoro  anajinaa  h pe^paKTOMexpan  [5]. 

PasABJibHaa  nojiiiMepii3au,Ha 

Ilpa  HCcaeffOBaHiiH  paa^eJiBHOH  noaHMepasaAPiii  iiaonpeiia 
B xojiyojie  npa  27°  6lijio  noKasano,  axo  CKopocxB  noJiHMepH3aii,HH 
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iiponopii;HOHajii>Ha  KOHn,eHTpai],Hii  MOHOMepa  ii,  npn  hii3kiix  koh- 
r^GHTpai^HHX  KaTajiHsaTopa,  BospacTaeT  c'pocxoM  ero  KOHii,eHTpa- 
HaranaH  c KOH^eHTpa^HH  jiHTHiiaTHjia  —0,006  MOJihU- 
CKopocTBHe  aaBHCHT  OT  KOH^eHTpa^HH  KaTajiHsaxopa  H nomi- 
jKaexcH  npH  BospacxaHHH  KOH^eHxpa^HH  jiHXHiiaxHJia  Btime  sna- 
HeHHH  0,03  MOJlbljl  (pHC.  1). 


WW^MQ/jti/Acen 


(npH  HH3KHx:KOH^eHTpa^Hax  jiHTMaTHjia  paeonyio  KOH^eHTpa^HIo  KaTajiiisaxopa 
yTOHHHjiH  no  flaHHLiM  naMepenna  MOJieKyjiapHux  secoB). 

OxcyxcxBHe  aaBucHMocxH  CKopocxH  nojiHMepH3aii,Hii  ox  koh- 
n;eHxpau,Hii  Kaxajinaaxopa  Btime  onpeAejieHHOH  ero  KOHij;eHxpai^iiH 
Ha6jiK)jiiajiocb  xaKjKe  Kopoxkoblim  npH  iiojiHMepH3aii;HH  iisonpe- 
Ha  [6]  H BejibxoM  [7]  npn  noJiHMepHsar^HH  cxHpoJia  c jiiixiiMOy- 

XHjioM  B yrjieBOAopo^^HOH  cpeAe. 

Mil,  KaK  H Bejibx,  oSbHCHHeM  axy  oco6eHHOcxb  nojinMepnaa- 
H,HH  cxHpojia  H Hsonpena  o6pa30BaHHeM  accon;HaxoB  juixhhhojih- 
cxHpojia  H JiHXHHnojiHH3onpeHa,  cooxBexcxBeHHO,  BCJieji,cxBiie  Hero 
xojibKO  Hacxb  KaxajiHsaxopa  (neaccoi^HiipoBaHHHe  MOJieKyjibi) 
aKXHBHa  npn  nojiHMepHsai^nn. 

IIpeAejibHaH  KOHn.eHxpan.Hfl  JiiixHHaxiiJia,  Bbnae  KoxopoM  ne 
Ha6jiK)Haexcfl  BospacxaHHfl  CKopocxH  nojiHMepH3ai].nii  c pocxoM 
KOHHeHxpaHHH  KaxajiHsaxopa,  AJiH  cxnpojra  (—0,02  Mojihjji)  Bbime, 
HeM  hjih  Hsonpena,  hxo,  no-BHHHMOMy,  cBAeano  c SojibHreii  cxe- 
neHbK)  accoHHaH,HH  JiHXHHnojiHHsonpeHa.  MojieKyjiflpHbiii  Bee 
nojiHH30npeHa,  KaK  h MOJieKyjiflpnbiH  Bee  nojiHexnpoJia,  Boapacxaex 
c rJiy6HHOH  nojiHMepH3an,HH,  hxo  cBflaaHo  c o6pa30BaHiieM  xaK 
HasHBaeMbix  «5KHByiHHx  noJiHMepoB». 

Bhjio  noKasaHO,  hxo  MOJieKyjiflpnbie  Beca  noJinHsonpena,  pac- 
CHHxaHHHe  no  (j)opMyjre  [t]]  = 5,02 -lO'^ coBnaAarox  eo- 
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MOJieKyjiapHHX  BecoB,  nojiyaeHHHx  h3  cooTHonie- 

HHfl  M = M/a,  r^e  ' M — KOJinaecTBO  noJiHMepHsoBaBinerocH 

'MOHOM.epa;  a — KOJinaecTSO  KaxajiHsaTOpa  b mojihx;  9T0  o6.03Ha- 
aaeT,  hto  see  MOJieKyjiH  KaTajiHsaxopa  nocjieji.oBaTejifcHO  ripHHH-* 
MaioT  yaacTHG  b peaKi];im  poexa  i^ena. 

B cooTBexcxBHH  c noJiyaeHHHMH  ^aHHHMH,  npoii;ecc  noJiHMe- 
pH3aij,HH  H3onpeHa  npoxeKaex,  no-BHAHMOMy,.  corjiacno  cjieAyio- 
iu,eH  cxeMe:  . ’ 

(LiMnR)i  (LiM^R),^!  + LiMnR'  (1) 

LiMnR  + M LiMn+iR  — poex  ^e^H  (2) 

H COOXBeXCTBeHHO  CKOpOCXb  nOJIHMepH3aii;HH,  B oSjiaCTH  KOHIl,eH” 

•rpaiiiHH  KaxajiHsaxopa  0,006—0,03  MOJihU,  — KlM],  tag 

,[M]  — K0HD,6HXpaii;HH  MOHOMGpa. 

ripH  HH3KHX  KOHAGHXpaAHHX  KaxajIHSaxOpa  aCCOI],Iiau,HH  MOJIG- 
Kyjl  JIHXHHnOJIHH30npGHa  nOHHH^GHa,  B CBH3H  C HGM  CKOpOCXbnO- 
-JIHMGpH3aiI,HH  BOSpaCXaGX  C yBGJIHHGHHGM  KOHI3;GHTpai],HH  KaTaJIH- 

-saxopa. 

B o6aacxH  KOHAGHTpari;HH  Kaxajinaaxopa  — 0,006—0,03  MOJihU 

KOHAGHXpaAHH  HGaCCOIl,HMpOBaHHHX  MOJIGKyjI  MaJIO  MGHHGXCH, 
-a  c AsiaBHGiiniHM  poexoM  KOHAGHTpaii,HH  KaxajiHBaxopa  — riOHU- 
:>KaGXCH  (pHC.  1),  axo  sepoaxHO  CBasano  c oSpaaoBaHHGM  b 3thx 
ycjiOBHax  6oa6G  cjioa^HHX  accoAHaxoB.  H3  conoexaBaGHHa  AaHHHx 
no  paaAGJibHOH  noaHMGpH3ai],HH  cxnpoaa  h naonpGHa.B  xoayojiG, 
npn  HH3KOH  KOHI];GHXpaH,HH  JIHTHH3THJia  ( — 0,003  MOJlhljl)  CJIGAyeX, 
axo  CKopocxb  noaHMGpHsaAHH  HsonpGna  ~ b 4 pasa  MGHbmG  cko- 
]pocxH  nojiHMGpH3an;HH  cxnpojia  (pnc.  2). 

, B oSjiacxH  6oJiee  bhcokiix  KOHn,GHxpan,HH  jiHxnnaxHJia 
i — 0,006—0,03  MOdh/ji),  B cBa3H  c accoAnaAHGH  JiHXHraoanHso- 
npGHa  pasJiHaHG  b CKopocxax  noaHMGpH3au;HH  cxnpoJia  n nsonpena 
yBGJinaHBaGxca* 

Ilpn  HCcaGAOBaHHH  noJiHMGpHaaqnn  HSonpGna  b npncyxcxBHii 
xpnaxnaaMHHa  6hjio  noKasano,  axo  npn  KonqGHxpaqHH  aaxHH- 
axnaa  ~0,01  MOJihlji  CKopocxb  nojiHMGpnaaqHH  nsonpGna  Boapa- 
cxaGX  c poexoM  KonqGHxpaqHH  aMnna  ao  cooxHomGHna  aMnn/LiR, 
paBHoro  160.  Jl,ajibHGHniHG  AoSaBKH  aMnna  noaxn  hg  Banaanna 
-CKOpocxb  noaHMGpnaaqHH. 

Kan  BHAHO  H3  pnc.  3,  npGAeabnaa  KOHqGHxpaqna  aMnna,  bhihg 
KOxopOH  HG  Ha6aioAaexcH  Bospaoxanna  CKOpocxn,  a^ih  nsonpGna 
-snaaHXGabHO  6oabniG,  acM  a^ih  cxnpoaa. 

9x0  pasananG  b khhgxhkg  noaHMGpnsaqHH  naonpona  n cxnpo- 
.aa  B03M0JKH0  CBasano  c xgm,  axo  a^i^  noanon  AKCCoqnaqnH 

1 npeAnoaaraeTCH,  hto  b 3toh  cncTeMe  HMeioTca  pasanaHHe  accoAHaiu, 

.pearnpyiomne  no  ypaBHennio  (1). 
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Thc.  2.  SaBHCHMOCTB  npoi^GHTa  npeBpameHHfl  OT  cpem  npH  27°. 
IVOH^eHTpa^IIH  JIHTHH3THJia  0,003  MOJlbjjl,  KOHI^GHTpai^HH  MOHO- 
MGpa  1 MOJlhljl. 

1 — CTIIPOJI  3 CMecH ''TOJiyojia  c TpnamjiaMHHOM  (KpHBaa  paccHHTaHa 
H3  flaHHbix  TaOji.  i)j;  2 — CTHPOJI  B TOJiyojic;  3 — Hsonpen  b TOjiyojie; 
4 — H3onpeH  B cMccii  TOJiyojia  c aivniHOM. 


Puc.  3.  SaBIICHMOCTB  CKOpOCTH  nOJIHMGpI13aiI,HH  OT  KOH- 
i];eHTpau;iiii  aMHHa: 

« — jpiH  CTiipojTa,  npii  KOH^eHTpa^IIH  MOHOMepa  1 MOjib/ji,  KOHiieHTpaanu  jiHTiiiiainjia 
O«008  .MOytb/jt.  npH— 31°;  6— jpia  HsonpeHa,  npii  KOHpeHTpaiBiH  MOHOMepa  1 MOjib/n,  koh- 
ueHTpaipiH  jiHTuiiBTHjia  0,011  Mojib/A,  npii  —27°. 
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Ta6^jinii,a  f 


3HeprnH  aKTHBauHH  h KOHCTanTw  cKopocTeli  peaicuHH  pocTa  uenn  CTHpojia- 
H Haonpena  c KaTaaHaaxopoM  jiHTHHarHaoM  ‘ 


MoHOMep 

PacTBOpHxeab 

E,  KKaA/ MO Ab 

A, 

A jMOAb'CeK 

K,  npH  30°. 

A/MOAb  • ctm 

CXHpOJl 

(KOHIieHTpaaHfl 

KaxaajiaaTOpa 

0,008  MOAbjA) 

Tojiyoji  .... 

16 

S-lQi® 

043 

CxHpOJI 

(KOHi;eHTpauHH 

KaTajiHsaropa 

0,03  MOAh(A) 

CxHpon 

» .... 

Tojiyoji  + aMiiH 

Q+jE=19,71 

13,6 

6,2.1010 

8 ,.3 

Haonpen 

(KOHn,eHTpan,nfl 
KaxajiHsaTopa 
0,0001  MOAhjA) 

Tojiyoji  .... 

14,3 

IQIO 

0,5' 

Hsonpeii 

Tojiyoa  + aMiiH 

9,2 

10^ 

0,03'. 

Ilsonpen 

{KOHIteHTpailHH 
KaTajinaaTopa 
0,015  MOAbjjl) 

Tojiyoji  .... 

Q+/?=19,2i 

— 

— 

1 SnaqeHHfi  Q.+  E — 19,7  n 19,2  K7taji/M0Ab,  noay^eHHue  ajih  CTupoaa  ii  Hsonpena.. 
COOTBeTCTBCHHO,  B OOJiaCTH  BUCOKHX  l.KOHBeHTpaBHii  KHTaaHSaTOpa  (0,015  H 0,03  MOAb/A)*- 
npenCTaBafliOT  coOoii  cyMMy  Bnepran  aKTHBauHH  pocTa  h TenaoBoro  3$$eKTa  accona-, 
aaiiH.  BBiaHTaa  hb  Q+JE  nan  HsonpeHajBejmaHHy  BHepraa  anTHBaann  E = 14,3  nnaA/MOAb, 
noaynaeMt  ^to  ' TenaOBOtt  9$(J)eKT  accomiapHH  aHTHfinoaHH3onpeHa  Q ~ 5 KKaA/MOAb, 
BLiao  noKasano',  bto  b oOaacTH  KOHi].eHTpaij,HH  naTaaiiaaTopa  0,015— 0,008[jwoyibM  BHaBCHwe- 
Q -f-  E Ran]  iiaonpeHa.iie  saBHceao  ot  KOHneHTpapHH  BaTaaMsaxopa,  AHaaoniMHUM  oOpa^- 
SOM  OReHHBaexcH'  xenaoBOft  0$$eKT  accoiuiapiiH  aHTiiBnoancTnpoaa.' 

iieaKTHBHLix  npH  nojiHMepH3ai(ini  accoii.iiaTOB  jiiiTHiinoJiiiiisonpeHas 
TpeSyeTCH  Sojitmoe  kojih^gctbo  aMnna. 

Bhjio  ycTaHOBjieHO,  ^to  cKopocTt  nojiHMepH3an,iiii  ii3onpeH» 
II  CTHpOJia  B npHCyTCTBIlIl  HsSuTKa  TpH3THJiaMHHa  B mMpOKORl 
iiHTepsajie  KOHi];eHTpai;HHj  nponopi^HonajiBHa  KOHii,eHTpaii,HH  Ka^ 
TajiH3aTopa  h MOHOMepa.  B axHx  ycjioBHHx  xaKJKe  Ha6jiioAaJioci> 
o6pa30BaHHe  «}KHByii],Hx  nojiHMepoB»  jiHxHHnojiHcxHpojia  m jih- 
THiin  0 JiHH  3 onpena . 

Hpn  HCCJie;i.OBaHHii  TeMnepaxypHOH  aaBHCHMOCxii  SbIjih  onpe- 
fleJiGHLi  anepriiH  aKTHBaB,HH  (E)  h npeAaKcnoHenxH  (^)  KOHCxanx 
CKopocxGH  (K)  peaKi3,HH  pocxa  ii;enn  (xa6ji.  1). 

KaK  BH^HO  H3  AaHHHX  xaGji.  1,  npn  saMene  xojiyojia  cmgcbkx 
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'TOJiyoJia  c a^niHOQvi,  i3  cthbii  c BoapaciaHHeM  Kap6aHHOHHoro  xa- 
paKTepa  KOMnonenTH  R b LiR,  CKopocTb  nojiHMepH3au,HH  crapojia 
BOspacTaeT  (pnc.  2)..  IIpH  3tom  KOHCxaHxa  CKopocxn  pocxa  i^enii  ajih 
•cxHpojia  Bospacxaex  ~ b 65  pa3. 

CKopocxb  noJiHMepH3aB,Hii  H3onpeHa  npn  BBe^eHHH  aMnna 
rMajio  MennexcH  (pnc.  2),  a KOHcxanxa  CKopocxH  pocxa  H30- 

^npena  npii  BBe^eHim  aMima  noHH>KaexcH  (xa6ji.  1). 


CoBMecTHaa  nojiHMepH3an,Hfl 

;J|;aHHHe  O KHHCXHKe  COBMeCXHOH  nOJIHMepH3aU,HH  CXHpOJia 
c :H3onpeHOM  B xojiyojio  H B CMecH  xojiyojia  c aMHHOM  npHBefleHH 
Ha  pHc.  4. 

BospacxaHHe  ^CKopocxH  npn  cobmocxhoh  nojiHMepH3ai],HH  cxh- 
pojia  c H3onpeHOM  (pnc.  4),  Ha6jiK)AaeMoe  ocoSenHO  pesKo  b o6jia^ 
cxH  oxHocHxejibHO  BbicoKHX  KOHi];eHxpaii;HH  cxHpojia,  no  Mepe 
pacxoflOBanHH  naonpena  (KOHii,eHxpan,HH  Kaxajinaaxopa 
X)jQ08  MO  Ah/ Ji).,  o6ycji'OBjieHO  BoapaoxanneM  nncjia  aKXHBHHx  ii;eHx- 
ipoB  BCJieACXBHe  Menbraen  accon^nai^nH  jrnxHHnojincxHpojia  no  cpas- 
HeHHH)  C JIHXHHH30npeH0M. 

CocxaB  conojimviepoB  naonpena  co  cxiipojiOM  npHse^en  b xa6ji.  2. 

Ta6jiima2 

'CocxaB  cbnoaHMepoB  Hsonpena  CO  CTHpojiOM.  1.  B xojiyoae,  npH 
27°.  2.  B CMCCH  ToayoJia  c bmhhom,  npn  27° 


CoflepjKanne  iiaonpeHa  a moji.  % 


IB  IICXOHHOH 
CMCCH 

B conoJiHMCpe 

■ 

HCXOHHOii 

CMCCH 

B COnOJIH- 
Mcpe  . 

51' 

89 

79 

= 81 

34,2 

80 

67 

70 

23,3 

64,4 

50 

52 

16,06’ 

59,2 

33,4' 

40 

Ha  ocHOBaHHH  ji,aHHLix  0 cocxase  conojiHMepOB  6lijih  paccnn- 
Taniji  Hii>KenpHBeji;eHHHe  snanoHnn  KOncxanx  conoJiHMepH3an,Hii 
axHx  CHCxeM. 

I — B Toayojie  n (Hsonpen)  = 9, 5,  r2  (crapoji)  = 0,25, 
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II— B cMecH  Tojiyojia  c aMHHOM  r3  (Haonpen)  — 1,0,  7*4  (cth- 
poji)  — 0,8 

KaK  cjie;i,yeT  h3  npHBe^^eHHux  j^aHHtix,  peaKD,HOHHaH  cnocoo— 
HOCTB  Haonpena  npH  noJiHMepH3aij,HB  b yrjieBOAopoAHOH  cpe;^e 
' — 9,5  paa  Bwrae  peaKii,HOHH6H  ciiocoChocth  CTHpoJia.  B npHcyx- 
CTBHH  TpHaTHJiaMHHa,  B COrJiaCHH  C Kbjijih  m To6ojii>^ 

CKoro  [3],  Ha6jiK)AaeTCH  peanoe  HaMeHemme  cooTHOmeHiifl  aKXHB- 

Kan  yKaaHBajiocb  b Hamen  npeAHAyn^ei  pagoTe'  [4],  HaojiK)- 
ji;aeMaH  aaBHCHMOCTb  oTHOCHTejibHOH  peaKii,HOHHOH  ciioco6hocth 
OT  xapaKTepa  cpeftbi  oSycJioBJiena,  no-BHAHMOMy,  paaJiHHHHM 
MexaHiiaMOM  peaKAHH  pocTa  ii,enH  b npHcyTCTBHH  ii  b OTcyxcTBHe 
aMHHa. 


Phc.  4.  SaBHCHMOCTt  cKOpocTH  conojiHMepH3aAHH  Haonpena  CO  CTHpoaow. 
OT  cooTHomeHHH  KOMnoneHTOB  npH  KOHi^eHTpaBHH  KaiaJiHaaTopa  0,008 
B TOJiyojie  (oBHTH  1—3),  H B cMecH  H3  60,%  TOJiyojia  H 40%  aMHna  npB" 
KOHueHTpai^HH  KaTaansaTopa  0,003  MOJihlji.  (ontiT  4). 

JC®  MojiHpHoe  OTHomcHHe  ' CyMMapHaria  KoniieHTpaaHfl 

onuTa  iiaonpena  k cTiipojiy  MOHOwepOB,  Monb/n 

1 1:2  2,25 

2 1:1  1>8 

3 2:1  2,0 

4 . 1:1  3,6 

B ontiTax  1,  2,  3 b oCJiacTU  neperH6a  kphbux  HaOaiOftaJiocb  nOHBJieHa3  OKpacKe,,. 
cooTBeTCTByiomeH  KapOaHHOHy  pojiucTirpojia.-. 
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IIpH  nOJIHMepH3aii;HH  JIHTHHaJIKHJiaMH  B yrJIGBOAOpOJ^HOlIj 
cpefle  peaKi];HH  pocTa  i3;enH  onpeAejiHGTCH  He  tojibko  ajieKxpoHo- 
AOHOpHBiMH  cBOHCTBaMH  rpynnti  MnR  aKTHBHoro  ri;eHTpa  LiMnR^ 
HO  H 3JieKTp0H0aKI^enT0pHBIMH  CBOHCTBaMH  erO  JIHTHeBOii  KOMHO-^ 
HeHTIiI. 

B npHCyTCTBHH  aMHHa,  BCJie^CTBHe  o6pa30BaHHH  KOMHJieKCOB 
EMHHa  C JIHTHeBOH  KOMHOHeHTOH  KaxaJIHSaTOpa,  B3aHMOAeHCTBHe' 
MOHOMepa  c Heii  ocjia6jieHO  h pocT  ij^exm  onpeAejineTCH  b sHaHii- 
TejiBHOH  cxeneHH  BsaHMO/^eHCXBHeM  MOHOMepa  c Kap6aHHOHHOHi 
KOMHOHeHTOH  KaxajiHaaxopa.  Ilpn  otom  BJiHanne  ojieKxpoHoaK- 
ij;enxopHHX  CBofcxB  MOHOMepa  na  ero  , oxHOCHxejiBHyH)  peaKu^noH- 
Hocnoco6HOCxb  Boapacxaex. 

B cooxBexcxBHH  c 3XHM  coAep>KaHHe  MOHOMepa,  o6jiaj^aioni,ero 
6o:ii>nieH  3JieKxpoHHOH  njioxHOCXbio,  y ;^bohhoh  cbh3h  npii  hojih- 
MepH3an;HH  jiHXHnajiKHjioM  b yrJieBOflopo^HOH  cpe^e  BHnre,  hgm 
B xex  me  pacxBopHxejiHX  b npHcyxcxBHH  aMnna,  3(|)Hpa  hjih  npir 
npOBGAeHHH  nOJIHMepH3aH,HH  B npHCyXCTBHH  HaxpHHOpraHHHeCKHX. 
COeflHHeHHH. 

Heo6xo^HMo  oxMexHXb,  hto  npn  nojiHMepH3ai^HH  b npHcyx— 
cxBHH  jihxhMjikhjiob  b yrjieBOAopo^HOH  cpeffe,  oco6eHHo  BHCOKoif 
peaKii;HOHHOH  cnoco6Hocxi>K)  o6jiaAaK)T  MOHOMepH  AnenoBoro^ 
pflAa.  TaK,  HanpHMep,  npn  conoJiHMepHaaAHH  naonpena  co  cxnpo- 
jiOM  H a-MexHJicxHpojia  co  cxHpojioM,  npH  saMene  xojiyojioM  CMecii 
xojiyojia  c aMHHOM,  coA^pHcanne  Hsonpena  h a-MexHJicxHpoJia  b co— 
HOJiHMepe  Boapacxaex,  npn  hcm  oxHocHxeJiBHaH  aojih  naonpena 
B conojiHMepe  Boapacxaex  snaHHxejiBHO  6ojiee  pesKO,  neu  othoch- 
xejibHaH  AOJiH  a-MexHjrcxnpojta  [4]. 

Bxa  BHCOKaH  peaKAHOHHaa  cnoco6HOcxb  ahchobbix  MOJieKyjir 
b npHcyxcxBHH  LiR  o6ycjiOBJieHa,  no-BHAHMOMy,  tgm,  hxo  b anxax 
pocxa  n,enH  3xhx  MOHOMepoB  ynacxByiox  abc  conpn^KeHHBie  aboh- 
HHe  CBH3H,  H3  KOTOpHX  OAHa  (b  H30npeHe  — CBH3b  1,2)  BSaMMO- 
ACHCTByex  c jimthcboh,  a BTopan  — c KapSaHHOHHoii  KOMnoHeHxoii 
KaxajiHsaxopa. 

IIpH  3X0M  o6jiaK6  COnpHJKeHHHX  7r-3JieKTpOHOB  CMemaeXCH: 
B cxopoHy  JIHTHeBOH  KOMHOHeHTH,  HTo  yBejiHHHBaex  cnocoSnocTb. 
BTOpOH  ABOHHOH  CBH3H  BSaHMOAeHCTBOBaXb  C Kap6aHHOHHOIT 
KOMHOHeHTOH  KaxajiHsaxopa . ' 

HaSjiioABeMafl  b yrjieBOAOpOAHoii  cpeAe  BbicoKan  oxHOCHxejib- 
Han  peaKAHOHHOcnoco6HOCTb  Hsonpena  no  cpaBHennio  co  cth- 
pojiOM,  a xaKHce  noHHTKeHHe  KOHCxaHTbi  CKopocTH  pocxa  n;enH  npw* 
nojiHMepHsaAHH  Hsonpena  npn  BBeAeHHH  b xojiyoji  aMHHa  TaKH<e* 
oSycjiOBJieHbi,  no-BHAHMOMy,  BunieyKaaaHHbiMH  ocoSeHHocxHMH 
HOJiHMepHsaAHH  AHeHOBbix  MOHOMepoB  B yrjieBOAOpOAHOH  cpeAe, 
^TaKHM  oSpaaoM,  b paCoxe  HaynenH  aaKOHOMepnocxH  pasAeJib* 
HOH  H COBMeCTHOH  HOJIHMepHSaAHH  CTHpOJia  H HSOHpeHa  B HpH- 
CyXCTBHH  JIHTHH3THJia  B yrjieBOAopoAHOH  cpeAe  H B CMeCH  TOJiyOJISU 
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c aMiiHOM  ii  npe?j;:ioH<eH  MexannsM,  oco6eHHOCTH 

nojiHMepH3aii;HH  j^hghobhx  h bhhhjibbbix  MOHOMepoB  B npucyT- 

CTBHH  JIHTHHOpraHHHeCKHX  COe^HHeHHH. 
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Summary 

A study  has  been  made  of  the  effect  of  the  nature  of  the  alkaline 
metal  and  of  the  medium  on  the  rate  of  polymerization  and 
on  the  structure  of  the  polymer  chain.  The  rate  of  polymerization 
of  styrene  and  isoprene  with  an  ethyllithium  catalyst  in 
hydrocarbon  medium  has  been  shown  to  increase  on  adding  the 
polar  compounds,  triethylamine,  ether,  and  tetrahydrofuran, 
to  the  solvent.  The  high  rates  of  polymerization  of  styrene  in  the 
presence  of  triethylamine  are  due  to  a lowering  of  the  activation 
energy.  The  limiting  concentration  of  triethylamine  above  which 
increase  in  the  polymerization  rate  in  the  presence  of  ethyllithium 
is  no  longer  observed  is  considerably  higher  in  the  case  of  isoprene 
than  styrene.  This  is  in  agreement  with  the  data  on  the  kinetics 
of  ethyllithium-catalyzed  polymerization  of  styrene  and 
isoprene  in  hydrocarbon  medium,  according  to  which  the  limiting 
concentration  of  ethyllithium  above  which  dependence  of  the 
polymerization  rate  on  the  catalyst  concentration  is  no  longer 
observed  is  considerably  lower  for  isoprene  than  for  styrene. 

The  difference  in  polymerization  kinetics  of  isoprene  and 
styrene  is  explained  by  the  fact  that  more  amine  is  required 
to  dissociate  polymerization-inactive  polyisoprene-lithium 
associates.  , 

By  the  joint  polymerization  method  it  has  been  shown,  in 
harmony  with  published  data,  that  the  mechanism  of  chain  growth 
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in  the  presence  of  ethyllithium  changes  on  passing  over  from 
a hydrocarbon  to  a polar  solvent  and  also  on  changing  alkylli- 
thium  for  organosodium  compounds. 

The  specific  features  of  alkyllithium  catalysts  in  hydrocarbon 
mediuni  are  interpreted  as  due  to  the  participation  of  the  lithium 
component  of  the  catalyst  besides  the  , carbanion  in  the  chain 
growth. 

The  different  natures  of- the  carbanion  components  in  the  polys 
merization  of  styrene  with  organolithium  and  organosodium 
compounds  is  confirmed  by  data  on  the  electron  absorption  spec- 
tra of  these  systems. 


Resume 

Dans  le  travail  a ete  etudiee  1’ influence  de  la  nature  de  metal 
alcalin  et  de  milieu  sur  la  vitesse  de  polymerisation  et  la  structure 
de  chaine  polymerique. 

II  a ete  montre,  que  la  vitesse  de  polymerisation  de  styrolene 
et  isoprene  en  presence  de  lithium  — ethyl e comme  catalyseur 
et  dans  un  milieu  des  hydrocarbures  s’accroit  au  fur  et  a mesure 
d’ insertion  en  solvent  des  composes  polaires:  de  triethylamine, 
d’ ether,  de  tetrahydrofurane.  * 

On  a etabli  que  les  grandes  vitesses  de  polymerisation  du 
styrolene  en  presence  de  triethylamine  dans  le  milieu  hydrocar- 
bure  etaient  causees  par  affaiblissement  d’energie  deactivation. 

La  concentration  finale  de  triethylamine,  au-dessus  de  laquel- 
le  on  n’observe  pas  Taccroissement  de  vitesse  de  polymerisation 
en  presence  de  lithium  — ethyle  est  sensiblement  plus  grande 
pour  Tisoprene  qu’elle  n'est  pour  le  styrolene. 

Ge  resultat  conforme  aux  donnees  sur  la  cinetique  de  poly- 
merisation de  styrolene  et  isoprene  dans  le  milieu  hydrocarbure 
en  presence  de  lithium  — ethyle.  Selon  ces  donnees  la  concentra- 
tion limite  de  lithium  — ethyle,  au-dessus  de  laquelle  on 
n’observe  pas  la  dependance  de  vitesse  de  polymerisation  de  la 
concentration  de  catalyseur,  est  sensiblement  plus  basse  pour 
Tisoprene  que  pour  le  styrolene. 

La  diversite  dans  la  cinetique  de  polymerisation  dTsoprene 
et  de  styrolene  est  expliquee  par  ce  fait  que  pour  la  dissociation 
des  complexes  de  polyisoprene  avec  le  lithium  qui  ne  sont  pas 
actives  au  cours  de  polymerisation,  une  plus  grande  quantite 
d’ amine  est  necessaire. 

En  concordance  avec  les  donnees  de  literature  par  la  methode 
de  polymerisation  mixte  il  a ete  montre  que  le  mecanisme  de  la 
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reaction  de  croissance  de  chaine  en  presence  de  lithium  ^ ethyle 
change  pendant  le  remplacement  du  milieu  hydrocarbure  aux 
solvants  polaires  ainsi  que  pendant  la  substitution  des  compo- 
ses soude  — organiques  aux  composes  de  lithium  — ^ alcoyles. 

Les  particular]  tes  specifiques  des  catalyseurs  de  lithium  — 
alcoyles  an  milieu  hydro-carbure  sont  expliquees  par  la  par- 
ticipation de  la  composante  de  lithium  du  catalyseur  ainsi  que 
de  la  composante  carbanionique  a la  croissance  de  chaine. 

La  differente  nature  de  la  composante  carbanionique  au  cours 
de  polymerisation  de  styrolene  en  presence  des  composes  de  lit- 
hium et  de  soude  — organique  a ete  confirmee  par  les  donnees 
des’  spectres  electroniques  d’ absorption  de  ces  systemes. 
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O KHHETHKE  H MEXAHH3ME  nOJIHMEPH3AD;HH 
METHJIMETAKPHJIATA  ByXHJIJIHTHEM 

A.  A.  R o p omno  e,  C.  JI.  M v,  ^en^  endJie  p, 
B-H^KpacyAuna 
(CCCP) 


B cooSineHHH  Ha  IIpajKCKOM  cHMnoanyMe  ho  BHCOKOMOJieKyjiap- 
HBIM  COej3,HHeHHHM  B 1957  T.  IiaMH  6bIJIH  BHCKaaaHLI  COo6pa>KeHHH 
O MexaHH3Me  nOJIHMepH3aH,HH  BHHHJIOBHX  COeAHHeHHH  meJIOHHMMH 

KaxaJiHsaTopaMH.  B nacTOHineM  coo6ni,eHHH,  na  npsMepe  khkcthkh 
nojiHMepH3ai];HH  MexHjiMexaKpHJiaTa  6yxHJiJiHXHeM,  paaBHBaexca 
BBicKaaaHHaa  panee  xoana  apenna. 

BaaHMOAeHCXBHG  6yxHaaHXHa  c MexnjiMexaKpnjiaxoM  b hojio- 
jKGHHH  1,4  Han  3,4  jnoajKHO  hphboahxb  k oSpaaoBaHHio  iieaKXHB- 
HBix  B peaKHiHH  noaHMepH3an;HH  npo^yaxoB,  a b noaoateHHH  1,2 
K o6pa30BaHHK)  aKXHBHBIX  H,eHXpOB.  EcxeCXEGHHO  flOnyCXHXB,  axo 
B03HHKaH)n];He  aKXHBHHe  ^eHxpBI  Moryx  «rH6HyxL»,  xaKa<e  pearn- 
pya  c MOHOMepoM  b noaoaceHHH  1,4  nan  3,4.  IIoaxoMy  xeaenne 
peaKH^HH  noaHMepH3ai];HH  mo>kho  onacaxB  cae^yiomHMH  aaeMen- 
xapHBiMH  peaKi];HaMHr 

1.  3apo>KAeHHe  i];eHxpoB  noaHMepH3aH,HH: 

BuLi + M4.’M[BuLi]*  ^ = kium  (A) 

2.  Pocx  noaHMepHBix  ii,eneH: 

Mi  [BuLi]*  + M Mi+i  [BuLi]* 

3.  OSpBiB  pocxa  HoaHMepHBix  H^enen: 

Mi  [BuLi]’  + M BuMi+iO  Li 

4.  BsaHMOfleiicxBne  Kaxaaaaaxopa  c MoiioMepOM,  npHBOflamee 
K oSpaaoBaHHio  neaKXHBHHx  Moaeaya: 

BuLi  + M BuMOLi  — ^ = *1  nm  + kiiim 


dm 

d'z 


k^rCm 


dn* 

d'Z 


= k^rCm  (B) 
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m,  n,  h /z  ^ — KOHi^eHTpaunn  MOHOMepa,  KaTaJinaaxopa  h i^ght- 
poB  nojiHMepHaai^HH  (z-mojiuIji),  CncTeMa  hg  hmggt  KBasH-CTaixHO-* 
HapHOrO  COCTOHHHH.  EcjIH  BBGCTH  HOByK)  HGpGMGHHyH): 

i T 

9 = ^ mdx 
0 

TO  peniGHHG  CHCTGMH  HMGGT  BH^: 


X = ■ 


— kxkiHQ 


Wo 


kx  -\- 


(A:4  — A:8-j-A:i)  Wq  ^3 
y-  [1  — e— (*1+^4)  <P  ]| 


B HaTaJifcHHH  nopHOfl  pGaKi^HH,  Kor;i,a ^ 0,5  H {kx  + 4*4)9^ 

^ 0,5  H 3KCnOHGHTH  MOryX  6tITb  aaMGHGHH  HGpBHMH  TpGMH  HJIGliaMH 
pa3JIO}KGHHH  HX  B pHA,  TOTAa 

-c  = (noWo)-V^  In  • 


IIpH  nOJIHMGpnsaAHH  MGXHJIMGTaKpnjiaTa  OyXHJIJIHTHGM  B TOJiyOJIG 

nps  — 50°  npn  hpoaojukhtojibhocth  pGaKAHH  hg  BUinG  15 — 18  mhh., 
KorAa  co6jiK)AajiocB  yKasaHHOG  ycjiOBHG  aKcnepHMGHTaJitHBiG  toh- 
KH  JIGFJIH  C AOCTaTOHHOH  TOHHOCTLIO  BOKpyr  HpHMOH  (CM.  pHC.  1) 

1 + a?V2 

B KoopAHHaxax  t — B bthx  me  ycjiOBHHx 

1 — x'* 

CpGAHGHHCJIGHHaa  CTGHGHL  HOJIHMGpHSaAHH  P CBHSaHa  C KHHGTH- 
HGCKHMH  KOHCXaHTaMH,  KOHU,GHTpaH;HeH  peaFGHTOB  H rjiySHHOH 
nOJIHMGpH3an;HH  CJIGAyiOIAHM  ypaBHGHHGM: 

P M\  V Uw^o/  ^2  ’ 

r^e  M — CpGAHHH  MOJIGKyJIHpHBIH  BCC  HOJIHMGpa  H Mo  — MOJIG- 
KyjiapHHH  BGC  MOHOMGpa. 

SKCnepHMGHTaJIBHHG  TOHKH  . (pHC.  2)  JIGrJIH  BOKpyr  npHMOH 

TOJiBKO^  npn  rjiy6HHG  nojiHMGpHsanjHH  hg  blihig  50  % h npoAOJiJKH- 

TGJIBHOCTH  pGaKAHH,  paBHOH  10 — 12  MHII.  HailAGHH  CJIGAyiOIAHG  BGJIH- 

HHHBi  KOHCxaHT:  A^i  = 0,0067,  kz  ~ 800  h A4  = 0,051.  Bochojibbo- 

BasniHCB  nOJIHHM  ypaBHGHHGM  KHH6THKH  Ha  OCHOBaHHH  CBGAeHHH 
oC  OAHOH  H3  TOHGK  HpH  6oJILinOH  rJiySHHiG  HOJIHMGpHBaAHH  MOJKHO 
BHHHCJIHTB  3HaHGHHH  ks.  OKaBaJIOCB,  HTO  ks.  HBJIHGTCH  ,K03(|)$HH;H- 
GHTOM,  BGJIHHHHa  KOTOporO  SaBHCHT  OT  HanaJIBHOH  KOHAGHTpaAHH 
MOHOMGpa  H KaxaJIHBaTOpa  (cm.  psc.  3).  CjIGAOBaXGJIBHO,  pGaK- 
AHH  o6pBiBa  pocxa  hojihmgphhx  u;GnGH  hbjihgtch  6ojigg  cjio>khoh, 
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...  HeM  AonycKajioct  nepBona^ajiLHo  npa  BHBOAe  KmiexHHecKoro  ypaB- 


HeHHK.  , . . ..  . , ^ 

KHHeTHBecKHe  kpheho,  nocxpoeiiHHe  c npEMeneHneM  nojiyneH- 

HBIX  BHaBeHHH  KHHeXHHeCKHX  KOHCXaHX,  BHOJIHG  yAOBJIGXBOpHXeJIBHO 

onncBiBaiox  npoi],ecc  (cm.  pnc.  4h5).  Ha6jiK)Aaioin,TTHCH  cpasHH- 
xejibHO  SojiBinoH  pasSpoc  xo^ek  HBJiHexcH  HeH36e>KHLiM  npH 
npHHHxoM  MexoAC  HayneHHH  khhgxhkh  peaKAHii  no  Bccy  o6pa3yioni,e- 
rocK  nojiHMepa  B peaKii,HOHHOH-aMnyjie,  ncnojiLsyeMOH  ajih  iiaxo- 
>KAeHnH  Kan^AOH  oKcnepHMeHxajibHoii  xohkh. 


PhC.  1.  SaBHCHMOCTb  npOAOJIJKHTeJIbHOCTH 

iiojiwMepiiaaaim  t ot  (mqWq)”  In  — — jj 

1 — x‘^ 

npHMaH  aJih  = 3,27. 


PhC.  2.  SaBHCHMOCTb 
(Mo/M)  npHMaH 

«JIH  (2/ci&2)'^‘’  = 4,08-10-=> 

H ^i-4^ --  0,725- 10-« 


ripn  AJiKxejibHOM  (necKOJibKo  nacoB)  BbIAep>KHBaHH^^  npn  —50® 
pGaKAHOHnOH  CMGCH,’  HOGJIG  npaKXEmGCKH  nOJIHOrO  3aBepilieHHfl 
peaKB^HH  nojiHMepH3aii;HH  nponcxoAHx  npnMepno  yABoenne  mojig- 
■ KyjiHpnoro  BGca  nojiuMGpa.  CAejianHoe  Ha6jiK)AeHH:G  no3BOJinjio 
AonycxHTb,  nxo  HGKOxopbiG  aKXHBiibie  nojiHMGpiibiG  AGHH  pcarnpy- 
lox  c ApyrHMH  KapSoKCHJibHHMH  xpynnaMH  c oSpaaoBaimeM  mojig- 
Kyji  yABOGHHoro  MOJiGKyjiHpnoro  BGca.  Oigbhaho,  nacxb  nojin- 
MGpHbix  AcncH,  nponopAHOHajibiian  oSpaaoBaBinGMycn  nojiHMGpy, 
HG  M0>K6x  ynacxBonaxb  b xanon  pcaKAnn  bcjigacxbhg  bbicokoh  bas- 
KOCXH  pGaKAHOHHOn  CpGAMHMaJIOil  CKOpOCXH  AH$(|)y3HH.  rioaXOMy 
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0 0.?  fl4.  as  AS  , 10  u It,  IS 

do  lO’ill  niolSi 

Phc.  3.  3aBHCHMOCTb  BejiH'iHHH  Koa$$Hi;HeHTa  *3  ot  (KpHBan  1) 
H mo  (KpHBaa  2).  KpHBue  a-ih  *3  = 12no+2,14-n^^H  k3=0,02m^ 


0 ,g  ia  so  iiO  iO  60  ' 70  so  90  WO  no  720  WO 

. . < . - UpBMH,  MUH 


Phc.  4.  I^HHCTHHecKHe  npHsHe  ontiTOB  c Wq  = 0,004  Mojihjji; 

iUo  = 1.01  [i  (•)!,;  0,71 12(X)I,  0.5[3:(O)].  0,31  [^(v)],.  0,11  [5(+)]  momIji 
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HiiMeHeHHe  KOHi^eHxpai^aH  nojiHMepHtix  u[eneH  b CHcxeMe  (L) 
MOJKHo  onncaib  cjiejiiyiom;HM  ypaBHenneM 

dL 

« ?r  “ — k^n*  {L  — a {171^  — 'm)  L)  p (B) 

pemenne  Kaxoporo  HMeex  bh;^: 

L ^ ^ ~ ^ + 1"”"  +*J- 

— ^ In  (1  — a:)  + a:  + y a:®].  ' 

OKasajiocB,  hto  BejiH^HHa  K03(|)(|)Hq;HeHxa  As  n a aaBHCux  ox  bbjih- 
MHHH  HanaJibHHx  KOHr^enxpai^HH  MOHOMepa  h . Kaxajiaaaxopa  (cm, 
pHC.  6),  npH^CM  3xa  saBHCHMocxt,  aHajiorHBHa  xaKOBOH 
mo  H Aio. 


0 W 20  30  40  50  60  70  SO  90  WO  IW 


Phc.  5.  KHHexHHecKHe  KpHBtie  ajih  ohhtob  c mo  = 0,5^o^  hjji;  uq  — 6,0156 
U(®)],  0,0081  [2  (X)],  .0,004  [5(G)],  0,003  [i  (▼)],  0,002  [5(-f)] 

KpHBHe  saBHCHMOcxH  cpeflHero  MOJieKyjiHpnoro  Beca  ox  rjiySn- 
HH  nojiHMepH3au;HH  npa  pasHHx  3HaB:eHHHX  mo,  h m nocxpoeHHHe 
c Hcnojib30BaHHeM  HaHAeHHHx  SHaneHHH  /cs  h a,  Bnojine  yAOBJiexBO- 
pHxejiBHO  onncLiBaiox  npon;ecc  (cm.  pac.  7 h 8). 

EcJIH  BOCnOJIL30BaXBCH  HaHAGHHHMH  BGJIHTOHaMn  K03(|)(|)HHH- 
GHXOB  &,  /Cs  H a .flJIH  BHTOCJieHETH  OXBOCHX'eJIbHOH  CKOpOCXH  ^e3aK- 

THBai^HH  DjenxpoB  nojiHMepH3ai3;HH  npn  50%-hom  npeBpamenan 
MOHOMepa,  TO  nojiynaioxcH  pe3yjibTaxH  (cm.  Ta6jiHi^y),  no3BOJiflH)- 
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mne  yTBepJKflaTB,  ^to  npH  nojiaMepnaaii^HH  MerajiMeTaKpajiaxa  oc- 
HOBHoe  KOJiHHecTBO  aKTHBHLix  ia;eHTpoB  AeaaKTHBspyeTCH  na  nojin- 
MepHHx  DienBx. 


OxHOCHTejibHaH  cKopocTb  AeaaKTHBaaHH  aKTHBHwx  aeHxpoB,  BbWHCJieuHaa 
na  ociiOBaHHH  ypaBHeHHH  A h B (b  ^ojihx  n*  b 1 mhh.) 


Wo 

0,5 

0,5 

0,5 

0,5 

0,5  . 

0,11 

«o 

dn  ♦ 

= /(*3) 

0,0020 

0,00305 

0,0040 

0,0081 

0,0156 

0,004 

C?T 

0,14 

0,80 

0,030 

0,039 

0,050  ; 

0,061 

dn  * 

= F {hi,  a) 

~~dT 

0,18 

0,82 

0,028 

0,035 

0,073 

0,069. 
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^jiH  HHiepBajia  TCMnepaxyp  ox  — SO""  j^o  — 50°  Haii;];eHBi  cjie;a,yK)- 
mae  BGJiHTOHH  KaHi:yiii.HxcH  aneprHM  aKTHBamnn  (npH6jiH>KeHHHe 
SHa^eHHfl)  ajieMGHTapHBix  pGaKu;HH:  aapojK^iiGHHH  aKXHBHBix  n.eHT- 

poB  5,5  KKajilMOJih^  pocxa  noJiHMcpHBix  B^enei  10,0  KKajilMOM  h 
BaaHMOflGHCTBHH  5yTHJiJiHTHH  HO  Kap6oKCHJiBHBiM  ; rpynnaM 
5,6  KKajllMOJlh. 


Phc,  7.  3aBHCHMOCTb  cpe^Hero  mojig-  Phc.  8.  SaBUCHMOCTt  cpe^iiero 
KyjiapHoro  Beca  noJiHMepa  ox  rjry6H-  MpJieKyjiflpnoro  BGca  nojiHMepa  ox 
HLi  noji'HMepH3aii,HH  npM  mo  = 0,5  rjiyGnim  , nojiHMepH3aB,HH  npH 
(^0  — CM.  pHC.  5).  riQ  = 0,004;  mo  = 1,01  [7],  0,71 

(2),  0,5  (<5),  0,1  (7)  MOJihjji 

Ha  ocHOBaHHH  npHBGjlGHHoro  KHHGTHHGCKoro  anajiHsa  H nojiy- 
HGHHoro  aKcnepnMGHxaJiBHoro  MaTepnajia  moh<ho  cjiesyromHM  o5- 
pasoM  npGACxaBHTB  npoTGKaHHG  pGaKi^HH  nojiHMepHaaiiHH:  mgthji- 
MGxaKpHjiaxa  6yTHJiJiHTHGM  B TOJiyojiG  npH  HHSKHX  TGMnepaxypax, 
T.  e.  B ycjiOBHHx  o6pa30BaHH:fl  HBOxaKXHHGCKoro  noJiHMGpa. 

KaTajiH3aTOp  (SyT.HJiJiHTHii)  pGarnpyox  c MGxnjiMGxaKpHJiaTOM 
rJiaBHBIM  o6pa30M  C o6pa30BaHHGM  HGaKXHBHBIX  COGflHHGHHH 
(pHC.  9,  KpHBaH  1)  H XOJIBKO  GXO  HGSoJIBIIiaa  HaCXB  (OKOJIO  10% 
npH  KOHii;eHxpau,sH  MonoMGpa  0,5  Mojihlji  h KaxajiH3axopa 
0,004  MOJlhU)  aKXHBHBIG  Il,GIIXpBI  nOJIIIMepH3ai],HH  (pHC.  9, 

KpHBaH  -<2).  . ^GSaKXHBailHH  aKXHBHBIX  IJ,eHXpOB  npOHCXO^HX  TJiaB- 
HBIM  o6pa30M  npH  B3aH:MOAGHCXBHH  C nOjmMepHBIMH  MOJIGKyJiaMH, 
HXO  npHBOflHX  K CHnjKGHHK)  KOHIl,GHXpaij;HH  nOCJiefljHHX  B CHCXGMG, 

oco6ghho  k KOHii,y  npou;ecca  (pHC.  9,  KpHBaH  3),  B oSjiacxH  oxho- 
CHxejibHo  BHCOKHx  KOHi^eHTpau;HH  KaxanHsaTopa  (0,004  .flo 
0,0156  MOAhU  npH  wo  = 0,5  mom  Im)  k Konpy  npopecca  coxpa- 
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iiHCTCH  CBwme  40 % ot  MaKCiiMajibHoro  cofle'pjKaHiiK  aKTHBiiLix  ii,eiiT“ 
poB  B cHCTGMe  (cjvi.  pHC.  10),  no3TOMy  B axHx  cjiy^ianx  mo^kho  hb- 
6jiH)AaTB  cymecTBOBaHHe  «>khblix  nojiHMepoB». 

Cyiu^ecTBeHHo  cjieAyiomee  oScxofliejibCTBo.  Ka>Kyiu;aHCH  Bejin- 
BHlia  3HeprHH  aKTHBai^HH  peaKB,HH  3apO>K^eHHH  aKTHBITMX  UiGHTpOB , 


^ Q.6  03  X IQ 


Pile.  9.  SaBHCHMOCTb  rjiySHHH  peaK- 
I^HII  (KpKBaa  7),  KOHIl,eHT' 

papHii  aKTHBHBix  ij;eHTpoB,  npn  OTcyr- 
CTBHH  peaKi^HM  o6pHBa  (KpHBan  2)  h 
KOimeHTpaaHH  noJiHMepHHX  MOJieKyji 
(KpHsaa  3)  OT  rjiySiiiiu  nojiHMepiiaa- 
jj;hh,  npH  wo  = 0,5  ’ ii  no  — 0,004 
MJiblJi;  KOHi;eHTpau;iifl  BLipaaceita  b 
flOJiflX  OT  no* 


a xaKjKe  peaKniHH  oyTHjijiHTHH 
C MOHOMepOM  no  KapSOKCHJIB- 
HHM  rpynnaM,  obghb  MaJia  (oko- 
jio  5,5  BMecTO  on^H^i^aeMOH  12 — 
15  KKajilMojih)  npn  Majioii  neJin- 

nHHG  KOHCTaiiTCKOpOCTH.  IloaTOMyi 


^ 03  . 0^  0,6  ■ ■ 03  X J,0 


PhC.  10.  OaBHCHMOCTB  KOfmeiiT- 
pai^iiH  noaiiMGpHfcix  MOJieKyji  ot 
rjiy6HHbi  noJiHMepnaaaiiH  npii 
mo  = 0,5  MOJihjji]  no  — cm.  piic.  5. 


BHaneHHH  npeflaKcnoneHrinajiBHoro  MHOH^niejiH  b ypaBiiennH  Ap- 
peiinyca  nepBon  peaKii.Hn  — 1,7  -10^,  a j\jih  BTopoii  — oko- 
jio  1,3-10^,  T.  e,  B 10^ — 10^  pas  Mentme  b>KH,n;aeMOM.  OxcTynjiGHne 

OT  OJKHUaeMLIX  SaKOHOMepHOCTeii  MOH^HO  oOTjflCHHTJb  TOJIBKO  OAHOii 
npnnHHOH:  iianAGHHLie  BejinHSHbi  OTHOcnTCH  ne  k OnMOJieKyjinpHbiM 
peaKiiHHM,  a k cyMMe  ,A^yx  riocjieAOBaTejibiiHx  peaKiinn,  na  koto- 
pLTx  QAH.a  nBJineTCH  oOmeii  n paBHOBecHoii. 
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OneBn^Ho,  BsaHMOAGHCTBse  6yTHJiJiHTHH  c MexHJiMexaKpHJia-' 
xoM  BKJimaex  js^bb  nocjieAOBaxejiBHHe  peaKii;HH: 

^M(BuLi)- 

BuLi  + M :;±  M • LiBu^ 

^Bu  MO  Li 

IlepBOH  cxa^Hen  peaKi^HH  HBJinexcH  oSpaaoBaniie  j^ocxaxoHHo 
npoHHoro  KOMHJieKCHoro  coeAHseHHH,  xnna  a^npaxoB  jihthhop*- 
raHH^ecKHx  coej^HneHHH, 

IIpH  xaKOM  npe^cxaBJieHHH  o MexaHHSMe  npoxeKannH  nepBHH- 
HHX  peaKiiiHH  BLiBeAeHHHe  panee  KHnexH^ecKHe  ypaBHenna  ocxa-- 
K)TCH  CnpaBej^JIHBHMH,  XOJIBKO  B 3HaaeHHH  KOHCXaHT  kl  H A:4  BXOffHr 
B KaaecxBe  comhoh^hxgjih  KOHCxanxa  pasHOBecHH  nepBOH  cxa^Hir 
peaKiijEtH,  T,  e.  ki  = Kk^  vl  k4:  = Kki^.  Ecjih  flonycxnxB,  hxo  n,eHx- 
paMH  -iioaHMepH3aij,HH:  hbjihioxch  MexajiJioopraHHaecKHe  cogah- 
. fieHHH,  CXpbeHHe  KOXOpLIX  MOH{HO  HBObpaSHTB  XOH  HJIH  HHOH  CXpyK- 
xypHOH  $opMyjioH,  xp  MexaHH3M  peaKrjjHH  pocxa  i^enen  h cKopocxB.. 
peaKri;HH  jj;ojijkhh  6hxb  6jih3Kh:mh  k xaKOBOH  ;i;jih  cjiyaaa  npHcoe* 
MexHJiMexaKpnjiaxa  k byxnjiJiHxnio.  Ho  peaKU,HH  pocxa 
ii,eneH  xapaKxepnsyexcH  oxhochxgjibho  hgblicokoh  3HGprHGH  aK- 

XHBaB,HH:  (\0  KKdjll MO flh)  H SoJIBIOHM  3HaHGHHGM  npGJ];aKCnOHGHD,B[- 
aJIBHOrO  MHOiKHXGJIH,  paBHHM  0,54-10^^.  3x0  flaGX  OCHOBaHHG* 

yXBGpH^flaXB,  axo  aKXHBHHM  n;GHXpOM  HBJIHIOXGH  HG  MGXajIJIOOpraHH- 
aGCKHG  COGAHHGHHH,  a.HHHG,  OXJIHHHLIG  nO  CBOGH  npHpOflG  H pGaK- 
HHOHHOH  CnOCoSnOCXH.  AKXHBaD;HIO  MOHOMGpHBIX  MOJIGKyJI  MG- 
xaJiJioopraHHHGCKHM  cog;i,hhghhgm  HyjKHo  npG^cxaBJiaxB  cg6g  noAo6- 
HOH  aKXHBan.B[j0:  Ha  xbgp;i;bix  Kaxajinsaxopax  c flByMH  HjGHxpaMH. 

OpHGHXan;HH  npHCOGAHHGHHH  MOJIGKyjI  MGXHJIMGXaKpHJiaxa  B H30^ 
XakXHHGCKOG  IIOjlO>KGHHG  MOJKGX  6bIXB  pGSyJIBXaXOM  HOJIHpHByiOmGrO 
;];ghcxbhh  aKXHBHBix  H;GHxpOB,  KoxopoG  MOH^Gx  pacnpocxpaHHXBCH' 
HG  XOJIBKO  Ha  6jIH3JIG>KaiIi;HG  MOHOMGpHHG  MOJIGKyJIH,  HO  H Ha  HH- 
XOAflmHGCH  60JIGG  AaJIGKO. 

Bo3moh?ho  h ^pyroG  npG^cxaBJiGHHG.  Mojkho  XonycxHXB,.  hxO' 
nacxB  KaJKflOH  hojihmgphoh  highh,  npnjiGHcaimaH  k aKXHBHOMy  D;eHx- 
py,  HBJIHGXCH  CB0G06pa3H0H  «KaTaJIHXHHGCKOH  HOBGpXHOCXBIO)),. 
Ha  KoxopoH  MOJiGKyjiBi  MGXHJiMGxaKpHJiaxa,  6y;i;yHn  opHGHxnpoBaHBL 
OnpGJIjGJIGHHBIM  o6pa30M,  «CXGKaK)X»  HO  HjGHH  K aKXHBHOMy  I^GHXpy,. 
H B XOM  H B j^pyroM  cjiynaG  aojijkho  HaSjiiOflaxBCH  saMGXHOG  hobbi- 
HIGHHG  a(|)$6KXHBH0CTH  COyAapGHHH  pGaFHpyiOmHX  MOJIGKyjI  ,H  CHH- 
H^GHHG  BHeprHH  aKXHBai^HH  peaKi];HH  pocxa  i^GHeii.. 
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Summary 

Polymers  of  rather  high  molecular  weight,  are  formed  in  the- 
butyllithium-catalyzed  polymerization  of  methylmethacrylate 
in  toluene  at  — 40°.  If  it  be  assumed  that  one  molecule  of  butyl- 
lithium  is  consumed  for  each  polymer  molecule  than  an  approximate- 
calculation  shows  that  about  2%  of  the  initial  catalyst  participates 
in  the  reaction,  the  major  part  of  the  catalyst  being  decomposed 
by  interaction'  with  the  carbonyl  groups  of  the  monomer  or  of  the- 
resultant  polymer. 

Over  the  monomer  and  catalyst  concentration  ranges  0.3  to 
1.0  and  0.004  to  0.016  g.  mole/1  respectively  and  for  a reaction 
time  up  to  10 — 15  minutes  at. — 50°  the  rate  of  polymerization  is« 
described  by  the  equation: 

1 — 

and  the  mean  weight  of  the  polymer  by  the  equation: 

' ^2 (^^o) 

where  x is  the  degree  of  polymerization  Ai,  /c2  and  /i:4  the  rate-, 
constants  for  the  elementary  reactions  of  active  center  formation,, 
of  propagation  and  of  the  interaction  of  butyllithium  with  the  car- 
bonyl group  of  the  monomer,  respectively;  no  and  mo  are  the  ini- 
tial monomer  and  catalyst  concentrations,  ^-time  and  Mo-lhe 
molecular  weight  of  the  monome.r. 

The  polymerization  proceeds  at  considerably  lower  rates  with 
lower  initial  monomer  (0.1  g.  mole/1)  and  catalyst  (0.003  and 
0.002  g.  mole/1)  concentrations  than  is  predicted  by  the  derived 
kinetic  equation. 

The  existence  of  a very  large  difference  (more  than  10^  times> 
between  the  rate  constants  for  the  elementary  reactions  of  the 
formation  and  growth  of  active  centers  and  the  considerable  dif- 
ference (twofold)  between  the  activation  energies  completely  ob- 
viates the  possibility  of  the  reaction  taking  place  by  consecutive- 
formation  of  organometallic  compounds  of  ever  increasing  mole- 
cular weight.  The  nature  of  the  elementary  act  of  active  center 
formation  by  interaction  between  methyl  methacrylate  and  butyl- 
lithium  molecules  should  be  different  in  principle  from  that  bet- 
ween methylmethacrylate  and  the  active  centers  with  the  forma- 
tion of  polymer  chains. 

On  the  basis  of  the  experimental  data  the  following  assump- 
tion may  be  made  as  to  the  mechanism  of  the  polymerization 
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Reaction,  taking  into  account  the  fact  that  the  frequency  factor  of 
the  Arrhenius  equation  for  the  second  reaction  is  several  orders 
higher  thari:  for  the  iirst,  - ; 

^ The  active  centers  of  polyniefizatidn  formed  from  biityllithi-' 
um  and  methylmethacrylate  molecules  are  transitions  states  of 
an  ion-dipole  character  with  high  reactivities.  It  is  possible  that 
the  polarizing  action  :of  a center  extends  not  only  over  its  near 
neighbor  molecules'  but  further  on.:  It  is  this  which  distinguishes 
the  active  center  froni  the  ordinary  organ olithium  compounds. 
Such  activity  in  the  presence  of  free  monomer  at  a concentration, 
not  less  than  a certain  critical  one  (similar  to  crystal  growth. from 
'.saturated  solutions)  may  be  maintained,  for  a , considerable  time.' 
At  low  concentrations  or  in  the  absence  of  a moiiomer  the  active 
•centers  should  either  isomerize  to  stable  organometallic  com- 
pounds, capable  of  again  becoming  an  active  center  of  polymeriza- 
tion, or  react  by  its*  carbonyl  group  with  the  monomer  and 
polymer  with  the  formation  of  alcoholates,  i.  e.  inactive  com- 
pounds. 

The  interaction  of  active  centers  or  isomerization  products 
with  polymer  chains  is  confirmed  by  increase  in  molecular  weight 
often  to  twice  the  original,  during  standing  of  the  reaction  solu- 
tions, at  which  over  80—90%  of  the  monomer  has  been  consumed. 


Resume 

Par  suite  de  polymerisation  du  methylmethacrylate  en  solu- 
tion de  toluene  par  le  butyl-lithium  a temperature  inf erieure  a 
40°  se  forment  les  polymeres  a poids  moleculaire  suffisamment 
haut.  Si  admetre  que  pour  former  chaque  molecule  polymerique 
on  depense  une  molecule  de  butyl -lithium  il  resulte  sur  la  base 
de  calcul  approximatif,  qu'a  la  reaction  de  polymerisation  parti- 
cipe  2%  environ  du  catalyseur  initial,  quant  a sa  partie  principale 
elle  se  detruise  par  suite  de  Pinteraction  avec  les  groupes  carbo- 
nyliques  du  monomere  ou  du  polymere  obtenu. 

Dans  Pintervalle  des  concentrations  du  monomere  de  0,3  a 1,0 
et  du  catalyseur  de  0,004*  a 0,016  g.  mol/1  et  pour  la  duree  de  re- 
action vers  10 — 15  min.  a 50  sec.  la  cinetique  de  reaction  de 
polymerisation  est  decrite  par  Pequation: 

• In  ^ ^ — {2kik2  1 

1 — . 
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«t.  le  poi^s  ^moleculaiTe  ihoyen  du  polymere  obtenu^ 


/r, 

0.  {xM^)y^ 


•ou-x  est  la  profontleur  de  polymerisation;  A:i,  et  sont  les 
vitesses  des  reactions  elementaires  (respectivement)  de,  la  pais- 
•sance  des  centres  actifs,  de  leur  croissance  et  interaction  de 
hntyl-lithium  avec  le  groiipe  carbonylique  de  monomere;  Uq 
<et  /^o  ?ont  les  concentrations  initiales,  de  catalyseur  et  de  mono- 
mere,  t est  le  temps  etM^est  le  poids  moleculaire  du  monomere. 

Pour  des  concentrations  initiales  du  monomere  plus  faibles 
(0,1  g mol/1)  et  du  catalyseur  (0,003  et  0,002  g mol/1)  la  reaction 
de  polymerisation  s^effectue  considerablement  plus  lentement 
qu'il  resulte  de  Tequation  cinetique  deduite. 

L’existence  d’une  tres  grande  difference  (plus  de  10^  fois)  entre 
les  constantes  pour  les  vitesses  des  reactions  elementaires  de  iiais- 
sance  des  centres  actifs  et  de  leur  croissance  de  meme  que  d'une 
difference  essentielle  entre  les  valeurs  des  energies  d’ activation 
(en  deux  fois)  exclut  absolument  la  possibilite  de  realisation  de 
reaction  de  polymerisation  a travers  le  stade  de  formation  des  or- 
ganometalliques  a poids  moleculaire  de  plus  en  plus  haut.  La  na- 
ture de  Facte  elementaire  d’ interaction  entre  les  molecules  du  me- 
thacrylate de  methyle  et  du  butyl-lithium  suivi  par  la  formati- 
on des  centres  actifs  doit  se  distinguer  par  principe  de  la  nature 
de  reaction  entre  les  molecules  du  methyl-methacrylate  et  les, 
centres  actifs  formant  les  chaines  polymeriques. 

En  se  basant  sur  les  donnees  experimentales  et  en  tenant  comp- 
te  du  fait  que  le  facteur  de  frequence  en  equation  Arrenius  pour  la 
deuxieme  reaction  est  de  quelques  ordres  superieurs  a celui  pour 
la  premiere  reaction,  on  pent  donner  la  representation  suivante 
•sur  le  mecanisme  du  deroulement  de  la  reaction  de  polymerisa- 
tion. 

Le  centre  actif  de  polymerisation  forme  par  les  molecules  du 
•butyl-lithium  et  du  methylmethacrylate  est  un  etat  de  trans- 
fert  du  caractere  ion  — dipole  a haute  reactivite.  II  est  possible 
que  son  action  de  polarisation  se  propage  non  seulement  sur  des 
molecules  de  monomere  qui  Fentourent  mais  aussi  sur  des  mole- 
cules plus  eloigneer.  Ainsi^  le  centre  actif  se  distingue  des  organo  - 
lithiens  ordinaires.  Cette  reactiyite  en  presence  de  monomere  lib- 
re  non  inferieure  a certaine  concentration  critique  (de  meme  que 
la  croissance  des  cristaux  a partir  des  solutions  saturees)  pent  se 
maintenir  pendant  une  longue  periode.  A faible  concentration  ou 
en  F absence  de  monomere  les  centres  actifs  doivent  s'isomeriser 
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en  organometalliques  stables,  capables  de  redevenir  des  centres' 
actifs  de  polymerisation  ou  reagir  avec  le  groupe  carbonylique* 
du  monomere  ou  du  polymere  en  fournissant  les  alcoolats  soit 
les  composfe  inactifs. 

L'interaction  des  centres  actifs  ou  des  produits  d’isomerisa- 
tion  avec  les  chaines  polymeriques  est  confirmee  par  Taugmenta- 
tion  de  plus  de  2 fois  du  poids  moleculaire  des  polymeres  formes, 
si  le  solution  reactionnelle  reste  en  repos  aprte  Texecution  de 
reaction  de  monomere  au-dessus  de  80—90%. 
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OBPbIB  EtEim  nPH  AHHOHHOH  nOJIHMEPH3AU,HH 
, OKTAMETHJmHKJIOTETPACMJIOKCAHA. 
0BPA30BAHHE  CTABHJIBHBIX  KOMnjIEKCOB  ’ 
HA  AKTHBHBIX  ^EHTPAX 

M.  By  He  pa,  M.  it  eAUHeu,  #.  JlauuKoea,  K.  Bece^ht 

(HexocjioBanHa) 


AHHOHHafl  nojiHMepHsai^HH  oKTaMexHjiniHKJiOTeTpacHJiOKcaHa  b 
cpeAe,  He  coffepHcameii  npHMecn,  HBJiHexcH  xhuh^hbim  cjiynaeM 
uojiHMepHaai^HH,  npn  KoxopoH  aKXHBHLie  i^eHxpiii  ocxaiOTCH"  «>kh- 
B xenenne  Bcefi  peaKi^HH.  06pHBa  b xohhom  CMucjie 

cjioBa,  He  Hacxynaex.  Pocx  i^enn  MOHcex  Shxb  npeKpaiH^eH  (nepe^ 

^^OCXHHCCHHeM  paBHOBeCHOrO  COCXOHHHh)  XOJILKO  HOCpeACXBOM  HOH- 
HOH  nepe^aHH  n;enja[. 

AKXHBHtie  u;eHxpLi,  y Koxoptix  npoHcxo^nx  iioJiH:MepH3aii,HB: 
xexpaMepa,  OHGHb  peaKB;HOHHocnoco6HH.  Ohh  oSpaayiaxcH  npn 

peaKH,HH  CHJIBHOrO  OCHOBaHHfl  CO  CHJIOKCaHOBBIMH  CBH3HMH  H HX 
MOH^HO  BOoSme  npCACXaBHXB,  KaK 

--  Si  — OM  (M  Cs,  Rb,  K,  Na...,  N-^,  R^  P 

PeaKi^HOHHocnocobHocxB  bkxhbhhx  ii;eHxpoB  HBJiHexca  npHHit- 
HOH  HX  HyBCXBHXeJIBHOCXH  K npHCyxCXBHIO  paSJIHHHHX  coeAHHe- 

HHH,  KoxopHe  Moryx  MCHHXB  xapaKxep  AOHop-aKH;enxopHHx  coox- 

HOHieHHH  Me>KAy  aKXHBHBIM  ABHTpOM  H CHJIOKCaHOBOH  CBH3BK)  MOJie- 
KyjiBi  xexpaMepa. 

Mh  HCCJieAOBajiH  peaKAHH  aKXHBHoro  AeHxpa  co.  cneunajiBHo 
BBlbpaHHLIMH  COeAHHCHHAMH  H BJIHHHHe  HOJiyHeHHBIX  KOMHJieKCOB 
Ha  CKOPOCXB  HocxeneHHoro  npncoeAHHeHHH  AaJiBHeHuiHx  MOJie- 
Kyji  xexpaMepa. 

AnxHBHHe  n;eHxpBr,  na  Koxoptix  MO>Kex  npoHCxoAHXb  nojiHMe- 
pH3an;HH  nojiHCHJioKcanoBHx  ii;hkjiob,  xaKH^e  hbjihioxch  n;eHxpaMii 
AenojiHMepH3an;HH.  HsMeneKHe  aKXHBHOCxH  noJiHMepH3au;HOHHBix 
i3;eHTpoB  o6o3HaHaex  OAHOBpeMeHHoe]  H3MeHeHHe  CKopocxen  pe- 
aKn;HH  AeHOJinMepH3aii,nH. 

SKcnepHMeHxajiBHafl  nacxB  y>Ke  6HJia  onHcana  panee  [2 — 61. 
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PesyjrbTaxbi  iiccae^oBaBUfl 

CmioKcaHOBue  cbhsh  ABjiaioTCfl  oHeHb  ycTofl’iHBHMii  no'or- 
HomeHHK)  K rHflpojiH3yioin,eMy  fleHCTBHio  boabi.  floKasaiejiBCT- 
BOM  3Toro  cjiyacHT  jjiiHT,  npH  KOTOpoM  TexpaMep  HarpeBaaH  b sa- 
naflHHOH  aMnyjie  B^npucyTCXBHH  boabi  «o  xeMnepaxypH  300—320°' 


Mon.  sec  10'^ 


1 TeMnepaiypa  100°;  2 — leMnepaiypa  150°. 


B xeTOHHe  72  ’lac.  B axnx  ycjioBHHx  b 03a  He  BoaAencxByex  b aaiiex- 
HOH  cxeneHH  na  CHJiOKcaHOBBie  cbhsh  h xexpanexp  npaKXHHecKH 
He  H3MeHfleTCH  [1]. 

Oxciofla  cjieflyex,  hxo  xojibko  Bo^a  ne  MojKex  KaxajiHanpoBaxb 
HH  noJiHMep^ai;Hio,  hh  flenoJinMepHsapnio  ffHMexHjicHJioKcano- 
BBix  n;eneH.  OAHaKO  oneHB  HHxepecHO  AeacxBHe  boabi  npn  axnx 
peaKAHHX,  npOHCXOAHEAHX  y CHJiaHOJiaxOBBlX  aKXHBHBIX  AeHXpOB, 
Mbi  HaynajiH  BjiHHHHe  boabi  na  nojinMepHaapHio  xexpawepa  npn 
paaHHHHHx  xeMnepaxypax.'  KaxajiHsaxopoAi  cjiyjKHjia  KOH'  IIpH 
Inno  peaKAHH  neMHoro  noBHmaexCH  [2].  OAHaKO  npa 

100  xexpaiiep,  npn  npoTOx  paBHBix  ycjiOBUHx  (KOHnenxpaAHji 
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E.OH,  H2O),  He  nojiiiMepHsyeTCfl.  B cpeAe  c AHajieKTpHHecKOii  no- 
CTOHHHOH,  B HeTupe  pasa  npeBHinaiomeH  AHSJieKxpHHecKyio  no- 
•CTOHHHyK)  TCTpaMepa,  TO  ecTb  B cpeAe,  6oJiee  ii0AX0AHni;eH  a^h  Ahc- 
•copHaAHH  Ha  hohh,  leTpaMep  b npHcyxcTBEH  boaw  npn  100®  laKwe 
ae  HOJiHMepHayeTCH. 

ripH  HCCJieAOBaHHH  a^hctbhh  boabi  Ha  AenoiiHM;epH3aii,HH)  hojih- 
^AHMeTHJiCHJiOKcaHa,  _ coAep5Kain,ero  CHJiaHOJiaioBHe  aKTHBHue 
H^eHTpH,  M05KHO  Ha6jIK)AaTI>  nOAo6HbIH  34)(|)eKT  (pHC.  1).  IIpH  ISC'" 
HacTynaeT  pesKoe  noHHjKemie  MOJieKyjiapnHx  bgcob.  B tgx  me  yc- 
jioBHHX,  HO  npH  100°  nojiHMep  ocTaeTCH  Sea  HaMenenHa. 

IIpHBeAeHHHe  peayjibTaTbi  mohcho  oS'LaCHHTB  ToatKO  aHaaii- 
T'eabHHMH  H3MeHeHHaMII  ^eHCTBHa  aKTHBHHX  H;eHTpOB. 

B ^aabHefimeii  pa'SoTe  Sbian  HCcaeAOBaHH  AOHop-aKAenxop- 

HLie  COOTHOnieHHa  MeaCAy  aKTHBHMMH  AGHTpaMH  H HeKOTOpHMH 
KHcaopoA"  K aaoTcoAepacaiAHMH  coeAHHeHHaMH.  BHan  aaMepenH 
HaMenenHa  MoaeKyaapHbix  bgcob,  BHaBaHHLie  npHcyTCTBHGM  xpn- 
4)eHHaaMHHa,  AH$^HHaaMHHa,  aHHaHna,  AH$eHHaoBoro  a^npa, 
aHHaoaa  h aiHaoBoro  CHHpxa  npH  noaHMepH3an,HH  xexpaMepa. 
PeayabxaxH  HOKaaaHW  na  pnc.  2. 

PaaaHHHH  b CKopocxax  peaKn.HH  npH  noaHMepnaaAHH  ancxoro 
xexpaMepa  h b npncyxcxBHH  Bcex  npHBeAenHBix  coeAHHGHHH  npii 
150°  oaeHb  MaaH.  ^ 

HnxepecHHe  paaaHana  Suan  HaHAOHH  npii  100°.  Phc.  3 no- 
KaaHBaex  KpHBtie^  cxenenn  npeBpaiAenna  npH  noaHMepHaaAHH 
xexpaMepa  b pacxBOpe  (AHaaeKxpnaecKaa  nocxoaHHaa  8,7)  b 
HpHcyxcxBHH  aHH3oaa  H AH$®HHaaMHHa.  06a  coeAHHGHHa  aaMGA- 
aaiox  noaHMepHaaAHio.  ■ 

BHao  ycxaHOBaeno,  axo  CHjibHoe  aaMGAJiaiorAee  AeiicxBHe  OKa- 
atiBaioT  xaK>Ke  thapookhch  hgkoxoplix  MexaaaoB.  Phc.  4 noKaaH- 
Baex  xoA  iioaHMepHaaAHH  xexpaMepa  b npiicyxcxBHH  NaOH  nan 
LiOH  npH  150°. 


OScyjKAGHHe 

UnrHSHpoBaane  noaHMepnaaAHH  boaoh  b cpeAe,  o6aeraaioiAeH 
AHCCOAHaAHK)  KaxHOHa  aKTHBHOro  AGHxpa,  yAOBaexBopHxeabHO 
AOKaaHBaexj  HGBoaMoa^HOCXb  npaMOro  oSMena  naxHona  npoxo- 
hom: 


— Si-^O.rK  + Hoi  H 
-J 
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0 .2  4 ,e  ,8 

[mo]-[m] 


Phc.  2.  3'aBHCHMocTt  MOJieKyaflpHoro  Beca  nojiH^HMeTHncHJioKcaHa  ot  cto- 
2^GBpameHHH  npH  nojiHMepHsai^HH  xeipaMepa  b npiicyxcTSHH  ochoip  * 
hkh.  KOHi^eHTpai^HH  KDH  (KaTaJiHaaiop)  1,8  MMOJihjm  xeipaMepa;  ochob.!- 
HHH  npH6aBJieHH  B BKBHMOJIHpHOM  OTHOmeHHH  K KOH. 

1 — 'iBCTbm  .TCTpaMep,  a$Hp,  TpH^eHHJiaMHs;  2 — aHnaoji,  KH^eHiiJiaMHH ; 

3 — 8THJIOBUft  crrapT,  aHHJIHH.  ‘ 
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L,MUti 


Piic.  3.  KpHBHe  CTeneim  npeBpame  a npn  noJiHMepnaaAHH 
TGTpaMepa  b npHcyTCTBHH  annaojia  h flH^eHHJiaMHna.  KoHu;eH- 
TpaqHH  KOH  S^Q/MMOJih  m pacTBopa,  MOJiapnoe  OTHomeime  MeJKfl,y 
aHH30JI0M  HJIH  flH^GHHJiaMHHOM  H KOH  1:1. 


nojuiMepHaaiBm  TCTpaMepa  b oTcyxcTBiie  aiiHsojia  iuih  Aii^ennjiaMUHa; 


Phc.  4.  KpHBbiG  CTeneHH 
npGBpamGHHH  npH  nojiHMe- 
pHSai^HH  TGTpaMGpa  B npH- 
cyTCTBHH NaOH,  LiOH. 
BjiOHHaa  noJiHMGpH3an;HH. 

flnaJieKTpHaecKaH  nocxo- 
HHHaH  cpe^H  2,4;  koh- 
HeHTpai);HH  KOH  17,9 
MMO/lhjKe  TGTpaMGpa  (0,1 
BGC.  %). 

1 — nojTHMepnaantHa  thctofo 
TCTpaMepa;  2 — MOJiHp- 

Hoe  OTHomeHHe  KOH  ; NaOH 
1 : 0,7;  3 — MOJiffpHoe  otho- 


menne  KOH: NaOH  1:1;  4 — 
MOjiHpHoe  OTHoraeHHe  KOH- 
: LiOH  1 ; 0,7;  5 — MO^iap- 

Hoe  OTHouieHHe  KOH  : LiOH 
1:1;  6 — Mon«pHoe  -OTHome- 
HHe  KOH:  NaOH  1:  10;  7 — 
MOJTRpHoe  OTHomenne  KOH; 

:L10H  1 : 10. 
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PaaKmiii  aKTHBHoro  ii;eHTpa  aoji>khbi  npOTeKaTb  nepea  BpeMen- 
mo  .o6pa3yioiE[.iiHCE  nflTHBajieHTHHH  btom  Si.  Hpii  BsaHMOAen- 
^CTBHU  c boaoh:  , 


O- 


BoA^  He  BOSABHCTByex  b BHaHjttxeJibHO  6ojiee  pesKHX  ycjiOBHHx 

Ha  «o6lilKHOBeHHyH)»  CHJIOKCaHOByiO  CBH3b  [1].  KoopAHHaAHOHHafl 

■ [ -+■ 

cBH3b  oSpaayexcH  Jierne  y KpeMHHH  rpynmi  — Si  — y 

lo+  0-  |g+ 

— Si  — 0~Si 


-h  HOH 


Iok:; — ^ Si— OH  + KOH 

IH 


C aTOMOM  KpeMHHH,  C KOTOpHM  COeflHHeHa  CHJiaHOJiaTOBaH 
rpynna,  chocoShh  coeAHHHXbca  h xaKHe  AonopH^^  Koxopwe  ne  mo- 
xyx  BOaAeaCXBOBaXb  Ha  KpeMHHH  «o6HKHOBeHHOH»  CHJIOKCaHOBOH 
'CBfl3H  • 

06pa30BaHHe  HHXHBajieHXHoro  Si  o6o3HaHaex  npeKpamenne 
cymecxBOBaHHH  aKXHBHoro  n;eHxpa.  Bo  speMH  cyn;ecxBOBaHHH  axoro 
KOMHJieKca  He  Moatex  nponaoHXH  npncoeAHHeHHfl  AaHbHefiniHX  mo- 
jieKyji  xexpaMepa  k CHJiaHOJiaxoBOH  rpynne.  D,enH,  OKaHHHBaiomHe- 
•CH  OHHcaHHOH  rpyHHOH,—  «MepxBbie».  Cxa6HjibHOCXb  o6pa3yioin,HX- 
CH  KOMHHeKCOB  C HflXHBaJieHXHHM  Si  B AaHHUX  yCJIOBHflX  onpeAe- 
.jiaex  cxa6H3ibH0cxb.  CHCxeMH  nojiHMep  — xexpaMep  (hjih  xojibKO 
nojiHMepa) . 

Ha  cxa6HJibHOCXb  KOMnneKca  anaHHxejibHO  BJiHsex  xeMnepaxypa. 
KoMnaeKC,  o6pa3yK)ni,HHCH  na  aKXHBHOM  lienxpe,  oneHb  nerKO  pa3- 
jiaraexcH  npn  150°;  npn  3XOm  BHAenflexca  MOJieKyaa  CHJibHoro  oc- 
HOBaHHH  (KOH),  cosAaioiAaH  chobb  aKXHBHHe  AenxpH.  OAnaKO 

■npH  100°  KOMHJieKCH  c HHXHBaAeHXHHM  — Si  — 6oHee  CXa6HJIb- 

HH,  H peayjibxaxoM  axoro  hbAhcxch  aaMeA-aenHe  hjih  HHrH6Hpo- 

BaHHe  HOJiHMepHaaAHH. 

KoHeHHO,  npnpoAa  AOHopa  h bha  axoMOB  hjih  rpynn,  csflaan- 
Hbix  c AOHopoM,  xaKwe  onpeAeJiHiox  cxadHJibHOCXb  KOMHJieKCOB. 
Ha  pHC.  2 MO®HO  Ha6jiioAaxb  BJiHSHHe  ajieKxpooxpHpaxeJiBHOCXH 
AOHOpa  Ha  o6pa30BaHHe  KOMHJieKca.  KncjicpoA  6ojiee  oJieKxpo- 
oxpnpaxejieH,  neM  aaox.  )];jifl  AocxHweHHH  «KHCJiopoAHoro»  aJieK- 
xpoHHOro  cpoACXBa  y asoxa  hboSxoahmo  CBnaaxb  c asoxoM  na  oAny 
ajieKxpooxpHAaxeJibHyio  rpynny  6oAbine. 
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/IjeiicTBHeM  BjieKTpooTpHi^aTejibHfcix  $eHHJiOB  noBumaeTCH  cpo^— 
CTBO  K ajieKTponaM  y ii^eHTpaJibHoro  aTona  AH^enHjioBoro  3$Hpai> 
H TpH^eHHJiaMHHa 


■<3> 


AO  xaKOH  cxeneHH,  ^xo  0 hjih  N ne  cnoco6Hbi  o6^eAHHHXb  cbok)^ 
aJiCKxpoHHyio  napy  c axoMOM  aKii;enxopa  b OAsy  cHCxeiviy.  9xh  co— 


eAHHeHHfl  He  BsaHMOAoncxByiox  c 


aKXHBHoro  Aeaxpa. 


^H(|)eHHJiaMHH  H aHHBOJI  JieXKO  BaaHMOAOHCXByiOX  C aKXHBHLlM 
AGHxpoM  H anajiorHTOo,  KaK  h b cjiyaae  c H2O:. 

IIpH  100°  KOMHJieKC  aKXHBHOrO  AGHXpa  C aHH30JIOM  H AH$0HHJI- 
aMHHOM  cpaBHHxejibHO  npoHen,  KaK  AOKasbiBaex  saMeAJieHHC  nojiH- 
MepHaaAHH  (pnc.  3)^ 

TaKHM  o6pa30M,  KHCJiopoA  AH(J)eHHJiOBpro  94)Hpa  JinmeH  3JieK- 
xpOHOB  oxpHAaxejibHbiMH  (leHHJiaMH,  xaK  KaK  OH  He  a^^OKXHBen  b 
Kanecxse  AOHopa.  KncjiopoA  b ajiH^axHHecKHX  coeAHHeHHHX,  na- 
'npHMep  B cnapxax,  jierKO  o6x»eAHHHex  cboh)  CBo6oAHyio  ajieKxpoH- 
Hyio  napy  c KpeMHneM  aKXHBHoro  AeHxpa. 

Pnc.  5 noKasHBaex  KpHBbie  cxenenn  npeBpaxAeniia  npn  ‘ nojin- 
MepHsaAHH  xexpaMepa  b npncyxcxBHH  (fienojia  (Kaxajinaaxop^ciiJia- 
HOJiax  K). 

ripH  npHCoeAHHeHHH  $oHOJia  k aKXHBHOMy  AeHxpy  oSpaayexca 
cpasHHxejibHO  cxaSHJibHbm  KOMHJieKC,  Koxoptin  pacnienjiHexca 
oaeHb  MeAJieHHo: 


i-OK  + HO<( 


SI— OK  : 


- — SI  — 0<  > + KOH 


noAMMepH3aii;Ha  nocjie  nepnoAa  HBraSiipoBaHHa  iienpepuBiio 
ycKopaexca  ox  nyaeBOH  CKOpocxH  bhjioxb  ag  MaKOHMajibiiOH,  on- 
peAOJiaeMOH  KOHii;eHxpai];HeH  CBp6oAHbix  aKXHBHHX:  ii,eHTpoB. 
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0 CTa6HJIbHOCTH  KOMHJieKCa  C ^leHOJIOM  CBHflieTejIBCTByeT  nOABB- 
jiBHHe  AenoraMepHaaAHH  npn  homoeah  ^enojia  npn  leMnepaTypax,  • 
150°  [81. 

■ 1'  . 

Fhapookhch  MeTajiJioB  xaKjKe  o6pa3yK)T  g — Si — aKTiiBHoro* 

I 

AeHTpa  6oJiee  hjih  lyienee  CTa6HJiBHHe  KOMnjieKCLi.  CTa6njibH0CTb. 


Phc.  5.  KpHBLie  cxeiieHii  npespameHHH  npii  no;iHMepH3an;HH  TexpaMepa 
B npHcyxcxBHH  (jieHOJia.  BjicHHan  noJiHMepHsaAHH  npH  150°, 
ij— £nojinMepH3auHH  qiiCToro  xeTpaiviepa;  — MOJijjpHo'e  OTHoraenne  aKTHSHux  neHTpOB- 
K $eHOJiy  = 1 : 0,5;  3 — MOJiapnoe  OTHomeHHe  aKTiisHtix  neHipoB  k 'J)eHOJiy  \ 

axHx  KOMHjieKCOB  saBHCHT  OT  TeMnepaxypBi,  ho  rJiaBHUM  o6pa30M' 
ox  paAHyca  nona  Mexajijia.  ' riiApooKHCii  MexajiJioB  oSpasyiox  c. 

— Si  — aKXHBHoro  AeHxpa  KOMHJieKCbi,  cxaSiiJibHOCXb  Koxoptix: 

I 

noBLimaexcH  b pn^y  Na  < Li  < Zn  < Fe  < A1  < Be. 

Hs  npeAHAymero  cjieAyex,  hxo  cxaSmiMLie  komujighcli,  bo3^ 
HHKmHe  Ha  aKxiiBHOM  AeHxpe,  xHna: 

I |-  • 

^ Si  — 0 ~ Si  — OK 

} ! \ 


A+ 
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A — B03M0>KH0  6oJiee  3JieKTpooTpHii;aTejibHLiH  (KiicjiopoA,  ra- 
jioreH),  B — B03M05KH0  Gojiee  3JieKTpooTpHi];aTeJibHaH  yrJieBO- 
.AopoAHaK  rpynna  hjiii  caMMH  MaJibiH  axoM  MexaJiJia. 

Ha  ocHOBaHHH  npHBeAeHHOH  paSoxbi  mo>kho  o6i)HCHHXb  xaK^Ke 
<cxa6HJiH3Hpyioin;ee  a^HCXBne  HO^a.  MexannsM  ji;eHCXBiiH  Ho;^a  noKa 
,He  6biJi  yj^oBjiexBopiixejibHO  o6bHCHeH.  Mojkho  npeAnojiOHCHXb 

|e  • 

- — Si^'OK 

<o6pa30BaHiie  KOMnjieKca  l\  © OTiu;enjiHK)iii.ero  KJO. 

Hpn  AHcnponopu;iiOHiipoBaHHH  KJO  oSpaayioxca  KJ  h KJO3, 
axo.  AOKaaano  anaJiaxHaecKHM  nyxGM  [9]. 

CTa6HJibHbie  KOMnjieKCbi*  y anxHBHHx  ii;eHxpoB  o6pa3yK)xca 
He  xojibKO  H3  coe/i;HHeHHH  oniicaHHbix  xhhob.  Mojkho  nepeHHCJiHXb 
MHOrO  ffOHOpOB,  o6pa3yiOIIl,HX  C aKXHBHbm  I^eHXpOM  KOMHJieKCbl 
paaJiHaHOH  cxa6HJibH0cxH.  Oahhm  h3  hhx  HBJiHexcH,  HanpHMep, 
AByoKHCb  yrjiepoAa.  IIpH  oSpaayexca  cpaBHHxejibHO  cxa- 

fejIbHHH  KOMHJieKC,  BCJIGACXBHe  HeXO  BBeAeHHeM  AByOKHCH  ‘ yrjie- 
poAa  MOH^HO  npeKpaxHXb  nojiHMepH3aii;HK).  OAsaKO  npii  xeMnepa- 
xype  CBHme  200"^,  axox  KOMHJieKC  paaJiaraexca  11  cxa6HJiH3HpyK)ni;ee 
AeHCXBiie  Hcaeaaex  [7]. 

OSpasoBanne  cxaoHJibHbix  KOMHJieKCOB  Ha  aKXiiBHbix  Aenxpax 
HMeex  6ojibnioe  aHaaeHHe  a^ih  cxa6HJiH3*ai3;HH  ciiJioKcaHOBHX  hojih- 
MepoB.  rnnoxesa  06  o6pa30BaHHH  bxhx  KOMHJieKCOB  HMeex  xaKJKe 
TeopexHHecKoe  SHaaenHe.  IIpeAOCxaBJiHexcH  bosmohchum  06'bHC- 
HHXb  HeKOxoptie  AO  ciix  nop  HensBecTHbie  HBjieHHa  npn  nojiHMe- 
pHsaAHH,  npH  Koxopbix  3BeHOM  aKXHBHoro  AGHxpa  HBJiaexca  axoM 
c KoopAHHan;HOHHbiM  ancjiOM  Bbime  nexupex. 
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Summary 

The  ionic  polymerization  of  octamethylcyclotetrasiloxane 
(the  tetramer)  proceeds  through  successive  additions  of  tetramer 
on  active  centres.  The  active  centres  consist  of  the  ion-pair 

Si  — OM  (M  stand  for  Na,  K,  Rb,  Cs,  Me^N— , Bu4P—  etc.)  formed 
through  the  reaction  of  the  hydroxide  (oxide)  of  the  respective  al- 
kali metal  (or  the  respective  ammonium  of  phosphonium  base) 
with  the  siloxane  bond. 

Measurement  of  the  rate  of  polymenzation  of  tetramer  indi- 
cated changes  in  the  efficiency  of  Si  — OK  active  centres  caused 
by  additions  of  small  amounts  of  substances  capable  of  changing 
the  character  of  donor-acceptor  reactions  taking  place  during 
polymerization.  These  substances  were  added  in  the  order  of  their 
decreasing  acidity  ranging  from  very  strong  acids  such  as  H2S04 
to  very  strong  bases  such  as  e.  g.  hydroxides  of  alkaline  metals. 

The  influence  of  substances  being  added  — as  judged  by  their 
influence  on  the  over-all  rate  of  reaction  — can  blee  seen  to  fall 
into  several  classes.  The  most  acidic  substances  (ranging  from  ve- 
ry strong  mineral  acids  to  weak  organic  acids  e.  g.  phenol)  neutra- 
lize the  active  centres;  weak  acids  (HjO,  ROH  ...)  act  — as  judged 
by  changes  of  the  over-all  rate  of  reaction  — only  through  physi- 
co-chemical effects  in  the  polymerizing  system  (for  instance 
through  changes  in  the  quantitative  composition  of  the  solvate 
shell  of  ions  and  ion-pairs  and  through  changes  of  the  dielect- 
ric constant).  Very  strong  bases,  as  strong  as,  or  stronger  than, 
KOH  increase  the  number  pf  active  centres. 

The  most  interesting  effects  are  displayed  on  addition  of  rela- 
tively strong  bases  of  the  type  of  LiOH  and  NaOH.  They  cause 
a strong  reduction  of  the  efficiency  of  active  centres,  a deceleration 
of  the  polymerization  and  even  its  complete  inhibition,  in  the  who- 
le range  of  dielectric  constants  of  the  polymerizing  medium  in- 
vestigated by  the  authors  (viz.  in  the  range  of  dielectric  constants 
from  3,4  to  8,7).  This  phenomenon  of  deceleration  and  even  stop- 
ping of  polymerization  on  addition  of  relatively  strong  bases  to 
a basic  active  centre  has  been  called  the  «isobasic  termination». 
Similar  effects  were  observed  also  in  the  case  of  the  cationic  poly- 
merization of  the  tetramer,  viz.  a slowing-down  or  even  stop- 
ping of  the  H2SO4  — induced  polymerization  on  addition  of  wea- 
ker acids. 

The  mechanism  of  the  «isobasic  termination»  is  discussed. 


16  MeHfuyHapoflHfcifi  cHMnoaHfM,  ceKUHH  2 
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Resume 

La  polymerisation  anionique  de  roctamethylcyclotetrasilo- 
xane  (tetramere)  se  fait  par  Taddition  succesive  du  tetramere  aux 
centres  actifs.  Les  centres  actifs  sont  formes  par  les  couples  ioni- 
ques  Si  — OM  (M  = Na,  K,  Rb,  Cs,  Me4N— , BU4P— ) produits 
par  la  reaction  du  hydroxyde  (oxyde)  du  metal  alcalin  respectif 
(eventuellement  par  la  reaction  de  la  base  d’ ammonium  ou  de  phos- 
phonium)  avec  la  liaison  siloxane. 

Par  la  mesure  de  la  vitesse  de  polymerisation  du  tetramere 
on  obtient  les  cbangements  de  Pefficacite  des  centres  actifs  Si  — 
OK,  causes  par  Paddition  de  petites  quantitees  des  composes 
qui  ont  le  pouvoir  de  changer  le  caractere  de  la  reaction  donneur  — 
accepteur  pendant  la  polymerisation.  Les  composes  ont  ete  ajoutes 
d’apres  leur  acidite  abaissante,  depuis  des  acides  forts  comme 
H2SO4  jusqu’aux  bases  fortes  comme  les  hydroxydes  des  metaux 
alcalins. 

L’effet  des  composes  ajoutes,  juge  du  point  de  vue  de  la  vitesse 
totale  de  la  reaction,  pent  etre  divise  en  quelques  groupes.  Les 
composes  les  plus  acides  neutralisent  le  centre  actif  (depuis  des 
acides  mineraux  forts  jusqu’aux  acides  organiques  faibles  comme 
par  exemple  le  phenol).  Les  acides  faibles  (H2O,  ROH...)  operent 
seulement  avec  des  influences  physico-chimiques  dans  le  sys- 
teme  en  cours  de  polymerisation,  c’est-a-dire  par  le  changement 
de  la  constitution  quantitative  de  Penveloppe  des  ions  solva- 
tants  et  des  couples  ioniques  et  par  le  changement  de  la  constante 
dielectrique.  Les  bases  aussi  fortes  ou  plus  fortes  que  KOH  aug- 
mentent  le  nombre  des  centres  actifs. 

Les  phenomenes  les  plus  in1»&j^ssants  ont  ete  observes  apres 
Taddition  des  bases  relativement  foi^tes  du  type  de  LiOH,  NaOH. 
Celles-ci  decroissent  I’effet  des  centres  actifs  et  causent  une  di- 
minution de  la  vitesse  de  polymerisation  jusqu’a  une  inhibition 
dans  tout  le  domaine  mesure  de  la  constante  dielectrique  du  milieu 
(de  la  constante  dielectrique  3,4— 8,7).  Le  phenomene  quj  consis- 
te  dans  un  ralentissement  jusqu’a  I’arret  de  la  polymerisation  ap- 
res I’addition  des  bases  relativement  fortes  au  centre  actif  basique 
a ete  appelle  «terminaison  isobasique».  Des  effets  similaires  ont 
. ete  observes  aussi  chez  la  polymerisation  cathionique  du  tetrame- 
re — ralentissement  jusqu’a  I’arret  de  la  polymerisation  amorce 
avec  H2SO4,  par  I’addition  des  acides  faibles* 

. On  discute  du  mecanisme  de  la  «terminaison  isobasique». 
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KHHETHKA  nOJIHMEPH3AIi;HH 
ooPMAJiBji;ErHji;A 

3.  M a a>  a Hen,  M.  M eUa  auk,  it.  TI  a ti 

(HexocjioBai^HjT) 


MoHOMepHMH  (fiopMaJibflerHfl  BCJieACTBne  oneHi.  nojiapHofl  cbh- 
3H  C = 0 JierKo  nojiHMepHsyeTCH.  9to  fleflcTBne  y®e  HaSjiioflaji 
ByTJiepoB  [1],  B 1920 — 1930  rr.  ero  Hayqaji  niiayflHHrep  h coxpy/i;- 
HHKH  [2],  flajiGe  VoKep  [3]  h b nocjieflHee  speMH  einy  yfleJiajiH  bhh- 
MaHHe  aMepHKancKHe  asTopH,  npeatfle  Bcero  b naxeKTax  [4].  Ofl- 

HaKO  KHHGTHHGCKHe  HSMGpGHHH  IIOJIHMGpHGaUjHH  ^OpMaJIB^GTHfla 
^^0  CMx  nop  HG  6hjih  b JiHTGpaxypG  onySjiHKOBaHH.  Ohb;  aKcriGpizcMGH- 
TaJIBHO  OHGHB  Tpy^HH  BBHfly  HG06I1IKHOBGHHOH  CKJIOHHOCTH  MOHO- 
MGpnoro  ^opMajiBj^Gmfl,a  k nojinMopnaai^HH,  KOTopan  npn  Hop- 
MaJILHOH  TGMHGpaTypG  M05KGT  npOTGKaXb  C nOnTH  BSpHBHOH  CKO- 
POCTBK). 

J\jlR  HSyHGHHH  nOJIHMGpHGai^HH  ^OpMaJIBfljGmfla  MH  BIlSpaJIH 
MGTOJi;  AH^JIft'J'OMGTpHH  npH  HH3KHX  TGMIIGpaTypaX  (OKOJIO  — 60°). 
B axoH  o6jiacTH  xcMnopaxyp  mo?kho  hohhshxb  CKopocxB  nojiHMGpn- 
aai^HH  HacxojiBKo,  nxo  khhgxhhgckhg  hsmgpghhh  mo>kho  bgcxh  6g3 
SojiBxnnx  saxpyflHGHnn.  11  pn  KOMnaxHon  hjih  hgckojibko  6oji6g 
HH3KO0:  xGMHGpaxypax  nojiHMGp  ocaHCflaGxcH  Ha  cxGHax  A^Jiaxo- 
MGXpa  H flGJiaGX  HGBOSMOJKHBIM  HCnOJIB30BaHB[G  AMaTOMGXpUHGCKO- 
ro  MGxoji;a.  . . . 

B HamGM  ^oKJiaflG  onHcaHBi  aKCiiGpHMGHxajiBHaH  ycxaHOBKa  h 
pGayjiBxaxM,  nojiynGHHHG  npn  nccjiG^OBannH  bjihhhhh  Konr^GHxpa- 

KaxajiB[3axopa,  bo^bi  h MypaBBHHOH  KncjioxBr  na  CKopocxB  no- 
jiHMGpnaaiiiHH  n bhskocxhmg  xapaKXGpncxHKH  nojiHMGpa.  OopnajiB- 
JljGrHA  n0JIHMGpH30BaJIH  B paCXBOpG  B 3XHJIOBOM  3(|)HpG  npH  XGMHG- 
paxypG  —58°.  B KanGCXBG  KaxajiH3aTopa  6hji  HcnojiBSOBan  ji;H6y- 

THJiaMHH,  HBJIHIOmHHCH  OflHHM  H3  y/i;o6HIi[X  KaXaJIHSaXOpOB  nOJIH- 
MepH3an;HH  [4]. 
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3KcnepHMeHTajibHafl  ^acTb 

MoHOMep  npnroTOBJiHJiH  nnpojinsoM  cycnensHH  napa^opMajib- 
;i,erHAa  b /];noKTHji(J)TajiaTe  (1  : 1)  npn  TeMnepaType  js,o  150°,  b cxeK- 
jiHHHOH  annapaxype.  napa(J)opMajibji;er0:ji;  6i>iJi  nepe;[i;  HcnoJitaoBa- 
HneM  Bbicyinen  b BaKyyMe  iiaA  P2O3.  ra30o6pa3HHH  (|)0pMajib;3,ernji;. 


Phc.  1.  CxeMa  annapaiypH  noaHMepH3aii,HH: 

2 _ KpHOCTax,  2 — cocyjx  Abioapa  HecepeOpenHii,  3 — nnJiaTOMexp  c MemajiKoii, 

4 CiopeTKa,  5 — cSopHHK  c pacTBOpOM  KaTajiHsaxopa,  6 — cGophhk  c pacxBOpoM  Hcnu- 

xyeMoro  KOMnonefixa  (nanpHMep,  BOAa,  MypaBbHHaH  KncJioxa),  7 — c6ophhk  c ^ncxbiM 
pacxBopHxeJieM,  8—  aaox  wih  cH$OHHpoBaHHH,  9 — pxyxHbiii  aaxBOp,  lO  — oxbo«  aaoxa;. 
11  — SaXBOp  C «HOKXHJI$TaJiaXOM. 


npOnyCKaJIH  Hspos  ABG  BipOMLIBaJIKH,  HanOJIHGHHtlG  CXGKJIHHHHMn 
KOJIbU,aMH  H (|)0pMaJIbA6r]Z[A;0M  C XGMHGpaxypOH,  nOAA^P”' 

jfeHBaeMoii  na  yposHe  tohkh  KaneHHH  (—19,2®).  Ilocjie  aioro  mo- 
HOMep  KOHfleHCHpoBajiH  B c6opHHKe  H OTTyAa  OT6HpajiH  ero  nop- 
HHH  noAHMepHaapHH . TeMiiepaTypa  cSopHHKa  cocTaBJiflJia 

okoAo  — 80°. 

IIpHMeHfleMafi  annapajypa,  cxena  KOTopon  noKasana  aa  pac.  1, 
cocTOHT  H3  KpHOCTaxa  c AEJi^TOMexpoM  H saKpHTOH  AO^Hpyiomett. 
CHCieMH. 
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^HjiaTOMeTp  npoKajiHBaiOT  b BaKyyMe,  C03/i;aHH0M  MacjiHHHM 
HacocoM;  BaKyyM  CHHMaiOT  Tin;aTejii>Ho  BLicyineHHBiM  aaoTOM.  Ho- 
TOM  noMemaioT  A^JiaxoMeTp  b KpHocxaT  h npn  noMoin,H  KOJifci],eBoro 
mjiH^a  npHcoeAHHBiOT  ero  k AOsnpyiomeH  CHcxoMe.  B xe^oHne  axoii 
MaHHnyjiHBiHH  bboaht  b AHJiaxoMexp  asox.  Ha  c6opHHKa  H^HAKoro 
$opMajiLAerHAa  neperoHHiox  MOHOMep  b AnJiaxoMexp.  OS'bom  moho- 
Mepa  H3MepHK)T  B HHJKHeH  TpaAyHpOBaHHOH  ^aCTH  AH^JiaXOMexpa. 
Bboabt  MGmajiKy  ns  HGpjKaBGioiAOH  cxajiH  h hb  saKpHxoH  Aoanpyio- 
man  CHCTGMBi  npneaBJiHiox  paCTBopnxGJiB,  pacxBop  KaxajiHsaxopa 
HJIH  ^G  nOCJIGAyiOmHG  KOMnOHGHTBI  H CHOBa  HHCTHH  paCXBOpHTGJIB. 
npH6aBJIHGMHG  KOMnOHGHXH  OTMGpBIOX  HO  oS^GMy  H HGpGA  BBGAG- 
HHGM  B AMaxoMGxp  Hx  HarpGBaiOT  AO  TGMrrGpaxypLi  onHxa.  Mono- 
MGp  C SoJIfcJHirM  yAGJIBHHM  BGCOM  OCxaGXCH  OXAGJIGHHLIM  CJIOeM 

qncToro  pacxBopnxGJiH  ox  Kaxajinaaxopa,  qxo  ycxpannGx  bo3mo>k- 

HOCXL  npGJKAGBpGMGHHOH  UOJIHMGpnsaAHH.  BuCXptlM  BGpXHKaJIb- 
HHM  ABHH^GHHGM  MGmaJIKH  pGaKAHOHHyH)  CMGCB  nGpGMGinHBaiOT  H 
MGmaJiKy  npnBOAHX  bo  BpamoHna.  nGpGMGmmaHHGM  coAGpH^aHUH 
AMaxoMGxpa  HaqnHaiox  nojiHMGpH3an;nK),  xoa  KoxopoH  Konxpojin- 
pyiox  no  coKpaiAGHHK)  o6x>6Ma,  oxcqnxHBaGMOMy  b bgpxhgh  rpaAyn- 
poBaHHOH  nacxH  AnjraxoMGxpa.  IIocjig  OKOHnanna  onLixa  AnJiaxo- 
MGxp  Siicxpo  BtiHHMaiOT,  nacTL  pGaKAHOHHOH  CM6CH  oxSnpaiox  B 
KOJl6y  C MGXHJIOBHM  CnnpxOM  H B AnJiaXOMGxp  BBOAHX  MGXHJIOBtlii 

cnnpx.  rtojiHMGp  bhaomiox,  $Hjibxpyiox  n nocjiG  xn];axGJiLHoro  npo- 
MHBaHHfl  3(|)HpOM  cymax  b BanyyMG,  cosAannoM  BOAocxpyMLiM  na- 
cocoM,  npn  60°  ao  nocxoannoro  BGca. 

OnpGAGJIGHHH  BnSKOCXHOH  XapaKXGpHCTHKH  H3MGpflK)T  BHS- 
KOCXB  paCXBOpOB  HOJIHMGpa  B CMGCH  (i)GHOJia  C XGXpaXJIOPBXaHOM 

(1  : 3)  npn  90°. 


BjiHHHHe  AnSyxHjiaMHHa 

npn  nojiHMGpnsapHH  mh  cnanana  nsMGpHjin  bjihhhhg  kohagh- 
xpapHH  AHSyxnjiaMHHa  B HHXGpBajiG  ox  2,7  -lO'®  ao  25  -lO'^  MojihU 
npn  KOHAGHTpaAHH  MonoMGpa  b a^npG  4,7  Mojihlji,  boah  — b hh- 
xGpBajiG  ox  2,5-10  ^ AO  3-10"^  momIa  h XGMnapaxypG  — 58i0,l°. 
IIoJiyqGHHHG  KpnBHG  npGBpamiGHHH  HMGIOT  XapaKXGp,  COOXBGXCT- 
Byjomnn  pGaKAHH  BHcniGro  nopaAKa,  n nx  xnnnqHaa  $opMa  nsoS- 
pajKGHa  Ha  pnc.  2.  SaBHCHMocxt  MGH^Ay  coKpamennoM  o6x>6Ma  h 
cxGnGHBK)  npGBpamiGHna  jiHHGHHaa.  MojiGKyjiapntiH  bgc  aaBHCHx 
ox  cxGnGHH  npGBpani;GHHa,  noaxoMy  ohlitbi  6bijih  npoKpamiGHBi  b 

o6jiacTH  oKoao  30%-Hoii  cxonGHn  npGBpamiGHHa. 

MoH^Ay^OKOpOCTBIO  npJIHMGpHSaAHH,  HOJiyaGHHOH  rpa(|)E[qGCKOM 
AepHBaAHGH  KpnsHx  cxonGHn  .npGBpani;GHHa  b pSaacxn  10% -non 
cxGnGHH  npGBpaiAGHHa,  H KOHAGHTpapneH  AnSyTHjiaMHHa  mbi  o6Ha- 
pya^EjiH  JiHHGHHyio  saBHCHMocxB,  n0Ka3aHHyK)  Ha  pnc.  3.  Ms  8kc- 
xpanojiaAHH  k HyjiGBon  cKopocxn  BBixGKaGx,  axo  b pGaKAnoHHon 
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5peMS  , MUH 


Phc.  2.  SaBHCHMOCTb  cTeneHH  npespamemiflOT  BpeMeHH(— );  AepHsai^na 
3T0H  aaBHCHMOCTH  ( — — — )• 


Phc.  3.  SaBHCHMOcxt  cKopocxH  noJiHMepHSar^HH  ox  KOHi^enxpai^HH 

^H6yxiiJiaMHHa. 

t(C4H*)2  NHl  OT  2,7-10-*,  MOJihjji  «o  25 -lO-*  AtovibM;  [HaOl  b npeaeaax  ot  2,5*10-“ 
no  3*10-“  moWa;  [HCHO]  4,7  PacTBopwTeJib  — OTHnoBMft  3$Hp,  tcm- 

nepaxypa  — 58±0,1°. 
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CHCTeMe  MOJKeT  nponaoHTH  HacTH^HUH  pacxofl  KaTaJinaaTOpa, 
BepoHTHo  BCJieACTBHe  HajiHTOH  npHMeceH  b MOHOMepe  hjih  me  pac- 
TBopnTGJie.  KojiH^ecTBO  Bcex  npHMeceH  onpe^i;ejieHo  OTpesKOM  na 
ocH  a6ci^HCC,  /],ajii>HeHniHMH  omiTaMH  6hjio  ycTanoBJiGHo,  hto  Be» 
jiHHMua  3Toro  OTpesKa  HBJiaeTCH  nepeMennoH,  ho  jihhghhhh  xapaK- 
Tep  aarurcuMocTH  CKOpocTH  nojiHMepH3au;HH  ot  KOHii;eHTpaB;HH  Ka- 
TanHBaTopa  coSjHG^aeTCH.  9to  mo?kho  o6i»hchhtb  tgm,  hto  paSoTy 
BGJiH  B o6jiacTH  OHeHB  HH3KHX  KOHii;eHTpaii;HH  KaTaJiHsaTopa  H yno- 
TpeSjIHJIH  MOHOMep,  KOTOpLIH  HpHrOTOBJIHJIH  flJIH  KaHC^OrO  pH^^ja  OHM- 
TOB  OTfleJILHO. 

. SaBHCHMOCTH  BflSKOCTHOH  XapaKTGpHCTHKH  OT  KOHlj;eHTpaB,HH 
KaxajiHaaTopa  hjih  ot  CKopocTH  peaKii^HH  hg  fl,aBajiH  o^aiHosHanHux 
peayjiLTaTOB,  ho  MOHmo  nojiaraTB,  hto  SHanenHe  bhskocth  yMent- 
maGTCH  C HOBHinGHHeM  CKOpOCTH  peaKB;HH. 

Ho  peayjrbTaTaM  3thx  ohhtob  mojkho  npe/i,nojiaraTB,  hto  npH- 
MGCH,  Ha  KOTopue  pacxoflyGTCH  nacTB  KaxajiHsaTopa,  hmgiot  khc- 
JIBIH  XapaKTGp.  TaKHMH  BemeCTBaMH,  npHCyTCTBHH  KOTOpBIX  B pe- 
aKn;HOHHOH  cpe^e  mojkho  o>KH^aTB,  HBJiaiOTCfl  BOfl;a  hjih  MypaBBH- 
Haa  KHCJiOTa. 

Bjiiianne  Bo;j;bi 

Ohbith  bgjih  c KOHUjeHTpapHeH  boah  b HpGACJiax  2,5  -10"^ — 
104*10”^  MOjihU,  npn  nocToaHHoii  KOHii,eHTpan.HH  AH^yTHJiaMHHa 


doda.Mo/ibf/i  W' 


PhC,  4.  SaBHCHMOCTB  CKOpOCTH  BOJIHMepHSaAHH  OT  KOHAGH- 
TpaAHH  BO  AM. 

[HjO]  OT  2,5-10-»  AO  104-10-»  MOyibA;  [(C4H9)2  NH]  4 • 1 O'*  jvtoyib/yi; 
[HCHO]  4,7  MOJib/ji.  PacTBOpHTejiL— axHJiOBna  0$Hp,  TCMnepaTypa— 58±0,r. 

MO JlhU.  OcTaJIBHHe  yCJIOBHH  6bIJIH  TaKHMH  JKG,  KaK  npH 
OHHXaX  C AH6yTHJiaMHHOM.  SaBHCHMOCTB  CKOpOCTH  HOJIHMGpHSaAHH 
(b  o6jiaCTH  10%-HOH  CTGneHH  npeBpaiAGHHa)  ot  KOHAGHTpaAHH  boabi 
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6000.  Monbin  iO 

PmC.  5.  SaBHCHMOCTB  OOpaTHOH  BaSKOCTHOH  XapaKTepilCTilK 
or  KOH^eHTpa^KH  BO^H. 


.ir  ■ : W.  ZO  30  ■:  MO  i i . ZZO 

[hcooh/(c,h,^nh1 

SaBHCHMOCTb  CKOpOCTH  nOJJHMepHSai^HH  OT  OTHOmeHHfl  MypaUBlIHOH 
KHCJIOTH  K flH6yTHJiaMHHy  (b  MO^HX). 
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H3o6pajKeHa  Ha  pHC.  4,  Mojkho  saMexHTt,  hto  npHcyiCTfine 
BOffH,  BOnpeKH  0?KHflaHHHM,  He  BJIHHeX  CymeCTBeHHHM  o6pa30M  Ha 
cKopocTfc  peaKi^HH,  9tot  pesyjiBxaT  moh^ho  oS'bhchhtb  tgm,  hto 
OnHTH  BGJIH  C 6ojII>mHM  HaStlTKOM  BO/^H  HO  OTHOmeHHIO  K KSiTaJIH^ 
3aTOpy  (MHHHMyM  500  : 1),  npn  KoxopoM  bosmoh^hog  bjihhhhg  boabi 
Ha  CKOpOCXb  peaKI^HH  HG  flOJI>KHO  npOHBHXbCH. 

SaBHCHMOCXL  o6paXHOH  BH3KOCXHOH  XapaKXGpHCXHKH  OX  ,KOH- 
UGHxpar^HH  bo;3;li,  npHBe;i,eHHaH  na  pnc.  5,  noKaaajia,  hxo  c hobh- 
meHHGM  KOHij,eHxpai^H0:  bo^h  BH3KocxHaH  xapaKxepncxHKa  noHH- 
HtaeTCH.  9tot  ohht  noflTBepwAaeT  npeAnojiojKenne,  ^to  BOfla  Acii- 
cxByex  b KaHGcxBG  nepe^^axHHKa  n,enH. 

BjIHHHHe  MypaBbHHOH  KHCJIOTbl 

OhmxM  BGJIH  C KOHl^GHXpaHIHeH  MypaBbHHOH  KHCJIOXH  AO  40  3KB: 
H3  paCHGXa  Ha  Al^fiyXHJiaMHH,  H C nOCXOHHHOH  KOHAGHXpaAHGH  AH- 
dyxHjiaMHHa  5,44 -lO"®  MojihU,  MOHOMcpa  4,7  MOJihU,  boah  .2';5;- 

• 10~®  MOJlbljl.  SaBHCHMOCXb  CKOpOCXH  nOJIHMepH3aAHH  (b  oSjiaCTH 
i0%«HOH  cxeneHH  npeBpan^eniiH)  ox  MOJiapnoro  oxHomeHHR.Mypa- 
nbHHOH  KHCJioxLi  K AHSyxHjiaMHHy  noKasana  Hai  pnc.  6.  IlojiyHeH- 
ifaa  KpHBaa  hmggx  Heoa^HAaHHHH  xoa,  KoxopuH  na  ocHOBaHHH  cy- 
lAGCXByiOH^HX  A^HHUX  HeJIb3H  o6'bHCHHXb.  9xa  HHXepeCHaH  3a6H^ 
CHMOCxb  HBJiHGxcH  AOKasaxGJibcxBOM  xoxo,  Hxo  ycxaHOBJiGHHe'  paB- 
HOBeCHR  AHCCOAHaHHH  MGH^Ay  KOMHOHGHXaMH,  yaacxByiojDAHMH 'B 

MHHAHHpoBaHHH,  X.  G.  MGH^AY  AnSyxHjiaMHHOM,  MypaBbHHOH'' icHc-' 

Aoxoh  h (J)opMajibAerHAOM,  6yAex  b abhhhx  ycjiOBHHx  cao^hhm 

jiponieCCbM.  . [:o  i 

H B 3XOM  cjiyaae,  KaK  h ajih  AaSyxHjiaMHHa,  hg  Slijio  ycxaHOB- 
JIGHO  COOXHOmGHHH  MGHCAY  BH3KOCXHOH  XapaKXGpHCTHKOH  H GKO- 
pOCTbK)  nOJI0MepH3aAHH  HJIH  KOHAGHXpaAHGH  MypaBbHHOH  KHCJIOTbT, 

•J1  H T e p a X y p a ' rj  / [' 

1.  A.  iSyxjiepoB,  Ann,,  111,  242,  1859.-  , . , 

2.  H . S t a u d i n g e r,  Die  hochmolekularen  organ ischen  ' Verb ihdun gen 

Kautschuk  une  Zellulose,  Berlin,  Springer,  1932.  / j }:o  diji:; 

3.  J.  F.  W a 1 k e r,.  J.  Amer.  Chem.  Soc.,  55,  2821,;  1933.  • . , .V-  w ,i 

4.  R.  N,  MacDonald,  nax.  CIUA  2768994  h A^JiBHeiiniiie^.  / ' ‘ 

=•  ' ....  •: 

• ■ • . ^ ' ■ • / . 'K)  Jn 

Nummary  r 

Polymerization  of  formaldehyde  has.  been  studied  in  ..eth^yi 
ether  solution  at  — 58®C.  Monomeric  formaldehyde  has  been  prp-r 
pared  through  pyrolysis  of  carefully  dried  paraformaldehyde^  and 
purified,  by  passage  thr9ugh  liquid  formaldehyde  at-  its  boiling 
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and  subsequent  condensation  in  a reservoir.  A catalytic  sys- 
teni  consisting  oi  n-butylamin  and  water  has  been  used. 

The  course  of  polymerization  has  been  studied  in  a dilatometer 
provided  with  a stainless  steel  stirrer,  since  the  polyiner  formed 
is  insoluble  in  the  reaction  mixture.  The  components  (i.  e.  liquid 
monomer,  solvent  and  solution  of  catalyst)  has  been  dosed  into 
the  dilatometer  under  dry  nitrogen  gas  so  as  to  form  separate 
layers  one  on  top  of  the  other.  The  polymerization  reaction  was 
started  by  mixing  the  contents.  The  rates  of  reaction  have  been 
chosen  so  that  the  initial  over-all  rate  of  reaction  did  not  exceed 
5%  of  conversion  per  minute. 

It  has  been  observed  that  at  constant  n-butylamine  concentra- 
tion the  over-all  rate  of  reaction  increases  with  increasing  wa- 
ter concentration  while  the  molecular  weight  as  checked  by  visco- 
metry  practically  did  not  change.  The  n-butylamine  — water  ratio 
lay  in  the  range  from  1 : 10  to  1 : 1000  at  a formaldehyde  concen- 
tration of  5 molell. 

With  increasing  n-butylamine^  concentration  (in  the  range 
from  2,5  (x  molell  to  14  ^molell)  and  at  a constant  concentration 
of  water  (3,5  mo/e//)  the  over-all  rate  of  reaction  increases  and 
the.molecular  weight  decreases. 

The  results,  obtained  allow  to  study  dissociation  equilibria  ol 
amines  with  water  in  non-aqueous  media.  In  the  lecture  the  role 
played  by  water  in  the  formation  of  the  anion  OH  (which  initiates 
the.  polymerization)  and  the'influence  of  the  structure  of  the  cation 
R*NH;,+  on  molecular  termination  or  possibly  transfer  are  discus- 
sed. 


Resume 

La  polymerisation  de  I’aldehyde  formique  a ete  etudiee  dans  la 
solution  d’ether  ethylique  a la  temperature  de  —58°  C.  L’alde- 
hyde  formique  monomere  a ete  prepare  par  la  pyrolyse  du  par- 
aldehyde formique  soigneusement  seche  et  purifie  en  le  passant  par 
I’aldehyde  formique  liquide  maintenue  a son  point  d’ebullition 
et  puis  condense.  Comme  catalyseur  on  a utilise  le  systeme  n-ami- 
ne  dibutilique  — eau. 

La  marche  de  la  polymerisation  a 4te  suivie  dans  un  dilato- 
metre,  agite  par  un  agitateur  inoxydable  puisque  le  polymere  for- 
me est  insoluble  dans  le  melange  reactionnel.  Les  composantes 
individuelles  (c’est-a-dire  le  monomere  liquide,  le  solvent  et  la 
solution  du  catalyseur)  ont  ete  ajoutees  successivement  sous  azo- 
te s6che  de  fa^on  a former  des  couches  separees.  En  melangeant. 
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le  contenu  du  dilatometre  on  commence  la  polymerisation.  Les 
vitesses  de  reaction  ont  ete  choisies  de  fagon  a maintenir  la  vitesse 
totale  de  la  reaction  a une  vaeeur  ne  depassant  pas  5%  conversion 
par  minute. 

On  a observe  qu*  a une  concentration  constante  de  la  n-amine 
dibutylique  la  vitesse  totale  de  la  reaction  augmente  avec  la  con- 
centration de  Teau  tandis  que  le  poids  moleculaire  du  polymere 
(qui  a ete  mesure  viscosimetriquement)  ne  change  pratiquement 
pas.  Le  rapport  de  la  n-amine  dibutylique  a Teau  se  trouvait  dans 
^interval  de  1 : 10  jusqu’a  1 : 1000  et  la  concentration  de  Talde- 
hyde  formique  comportait  5 mol/L 

Avec  la  concentration  croissante  de  la  n-amine  dibutylique 
(depuis  2,5[xmol/l  jusqu’a  14  \i  mol/1)  et  une  concentration  cons- 
tante de  I'eau  (3,8  mol /I)  la  vitesse  totale  de  la  reaction  augmen- 
te et  la  poids  moleculaire.  decroit.  ' 

Les  result ats  obtenus  facilitent  T etude  des  equilibres  des 
dissociation  des  amines  de  Teau  dans  des  milieux  non-aqueux. 
Dans  Texpose  on  discute  de  plus  pres  la  participation  de  Lean 
a la  formation  des  anions  'OH,  qui  amorcent  la  polymerisation, 
et  Tinfluence  de  la  structure  des  cathions  pendant  la  ter- 

minaison  moleculaire  eventuellement  le  transfert. 
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O MEXAHH3ME  HOHHOfl  nOJIHMEPH3AIi;iIH 

K.  Be 

(HexocjiOBaKHa) 


MexaHHSM  hohhoh  nojiHMepH3an.0:H  npeACTaBJiHex  co6on  oji^ny 
H3  HaHMenee  hchhx  npo6neM  MaKpoMOJieKyjiHpHOH  xhmhh.  0 tom 
«BHji;eTejii.CTByK)T,  HanpHMep,  flOKJiaflH  Mara  [1]  h Iljieina  [2], 
cj];e.iiaHHBie  na  CEMnoanyMe  b BHc6afleHe. 

fl  xoTOJi  6h  npHBecTB  0630P  peayjibiaTOB,  flocTErnyTHx  b 3tob 
oSjiacTE  B HameM  HHCTHTyxe,  npn  noMomH  Koxoptix  hbm  yflajiocb 
ijacxHTOO  o6t>hchhxi>  axy  npoSjieMy. 

SKcnepHMeHxajibHbie  peayjibxaTbi 
MbI  BeJIH  OnfclXH  C XpeMK  MOHOMepaMH  H pa3JIlI4HblMII  Kaxa- 
jiHsaxopaMH,' 

H3o6yxHJieH.  Ehjio  ycxanoBJieHO,  hxo  Me>Kfly  xjiopn- 
cxHM  ajiiOMHHHeM  H ^exupexxjiopHCxbiM  xHxaHOM  cym;ecTByex  npHH- 
i:^HTIHaJIIiHOG  pa3JIH^H6,  Koxopoe  npOHBJIHeXCH  KaK  B BJIGKXpOnpO- 
BOAHOCXH  CHCXGM  KaxaJIH3axOp  — C0KaxaJIH3aX0p,  XaK  H B MGXaHH3- 

MG  KaxaJiHaa  noJiHMGpnaaii;™.  3xh  pasJiHHPiB  noKa3aHbi  na  pHC.  1 

H 2.  . 

CHCXGMy  HGXbipGXXJIOpHCXblH  XHXaH  — BOfta  HBynaJIH  B nOCJIGA- 
tlGG  BpGMH  rijIGni  H COXpyAHHKH  [2],  KOXOpblG  yCXaHOBHJIH,  ^xo  Ha- 
HajibHan  CKopocxb  nojiHMGpnsaAHH  npaKXH^ecKH  hg  aaBHCHx  ox 
KOHi];eHxpan;HH  ^GXbipGXXJiopncxoro  xHxana  npn  HGAOCxaxKG  boah, 
a npH  naSbixKG  gg  HaxoAHTCH  b jihhghhoh  saBHCHMOCXH  ox  kohagh- 
xpaAHH  boam.  3xh  pesyjibxaxbi , b cooxbgxcxbhh  c HamHMH,  noKa- 
3bIBaiOX,  ^xo 

а)  H36hXOK  KHCJIOXbl  (HGXbipGXXJIOpnCXHH  XHXan)  HG  BAHHGX 
Ha  peaKAHK), 

б)  H36bIXOK  OCHOBaHHH  (R2O,  BOA^l)  BbI3bIBaGX  CHJIbHOG  nOSHJKG- 
HHG  MOJIGKyJinpHOrO  BGCa 

^ OAHHaKOBoe  BJiHHHHe  o6Hapy5KHBaeTCH  ajih  cHCxeMH  HepTEipexxjio- 
pHCToeonoBO  — * BOAa;  KaK  bhaho  h3  peayjibxaTOB  Hopnina  h Paccejia  [ISJ. 
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Piic.  1.  yAeatHaa  ajieKxponpoBOAHOCTb  h oSpaxHoe  anaaenHe  MOJieKyjD  p- 
Horo  Beca  nojiHH3o6yxHJieHa  b aaBHCHMOcxH  ox  oxHomeHHfl  TiCl4:Et::0. 
KOHUeHTpattHH— MMOAb/A;  pacTBopHTeJiH— EtCl  (nojiHMepHsaaHB  npH  — 78,5°);  MeCl, 
■ (BJieKTponpoBOflHOCTb  npH  +25°). 


^.5  [Aicg/[Et,o]. 


Phc.  2.  yfl;eJiLHaH  3JieKxponpoBO/i;HOcxb  h o6paxHoe  anaaenHe  MOJieKyjiflp- 
Horo  Beca  nojiHH3o6yxHJieHa  b saBHCHMOCXH  ox  Mojiapnoro  oxnoineHHH 

AICI3  : Et20. 

KOHUeHTpaaiiH  25  MMOAb/A,  pacTBOpHTCJib  — EtCI,  TCMnepaxypa  —78,5°. 
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8th  pesyjibxaxBi  noKasHBaiox,  ^xo  b ypaBHGHHH,  BHBefleHHOM 
panee  [5] 


TAe 

kp  — koHcxaHxa  pocxa  Aenn; 
ktn  — KOHCxaHxa  oSpbiBa; 

Bn  — ocHOBaHHH,  npHcyxcxByioiAHe  b CHCxeMe, 

6yAyT  B Ka^ecTBe  ocHosaHHH  yHacxBOBaxb  annoH  [TiCl40R]'**  h 
CBoSoAHHH  3(j)Hp  HJiH  BOAa.  TaK  KaK  npn  HsSHXKe  nexbipexxjiopM- 
cxoro  THxaHa  KOJiH^ecxBO  npHcyxcxByiomHx  hohob  hocxokhho  h 
CBoSoAHoe  ocHOBaHHe  npaKXHHecKH  oxcyxcxByex,  to  b dtoh  o6jia- 

CTH  MOJieKyJIHpHblH  BBC  HB  M6HH6TCH  B SaBHCHMOCTH  OX  KOHH,BHXpa“ 

Ahh  HBTbipBxxjiopHCxor'o  THxaHa,  KaK  cjiBAyex  h3  pnc.  1. 

B CHCXBMe  XpHaXHJiaJIIOMHHHH  — RgO  HJIH  ROH  SaBHCHMOCTb 
MOJiBKyjiapHoro  Beca  h ajiBKxponpoBOAHocxH  ox  K0Hii;6HTpan;HH 
KaxaJiHsaxopa  hbckojibko  6ojieB  cjiojKHaa,  xaK  KaK  komhjibkc  xpii- 
9THJiaJIH)MHHHH  — ROR  (npH  OTHOniBHHH  1:1)  OHBHb  MBJIO  HOHH- 
3HpOBaH.  H36LITOK  TpH3THJiaJIK)MHHHH,  3(j[)Hpa  HJIH  CHHpTa  yBBJIH- 
HHBaBX  AHCCOAHaHIHH)  H Aa?K6  3JIBKXponpOBOAHOCTb.  CHCTBMbl.  IIo- 
3X0My  A'flH  3XOH  CHCTBMbl  B KaaBCXBB  OCHOBaHHH  Bn  B ypaBHBHHH 

‘(1)  ynacTBycT  tojibko  cboSoahlih  annoH  (AlClgOR)"*  h bo  bcbx  cjiy- 
aaax  nojiyaacM  saBHCHMOCXb: 


Kohbbho,  HaAO  AonycxHXb,  axo  BBHAy  BspHBHoro  xapaKXBpa  3toh 
pCaKAHH  H npaKXHHBCKH  100%-HHX  CXBIieHBH  npBBpaiABHHH  AO 
CHX  nop  HB  yAajiocb  paBJiHnHXb,  HacxynaBx  jih  AOHCXBHXBJibHbiH  o6- 
pblB  ABHH  C «npOTHBOHOHpM»  HJIH  npH  HOBBimBHHH  HpHH3aH.HH  o6pa- 
SyBXCH  6oJIbniBe  HHCJIO  aKXHBHHX  ABHXpOB  H HBCXaH,HOHapHaH  p6- 
aKH;HH  npBKpamaBxcH  bcjibacxbhb  HBAOCxaxKa  MOHOMepa. 

OKxaM6THJiij;HKJio.TeTpacHJiOKcaH.  Ha  oc- 
HOBaHHH KHHeXHHBCKHX  HSMBpBHHH,  O KOXOpHX  MH  AOKHaAKIBaJIH 

b BHc6aABHB  [11],  A JIH  otoh  p6aKH,HH  6biji  AOKaaaH  MBxaHH3M 
IIlBapAa,  X.  e.  MCxannsM  mHBbix  noJiHMBpoB»  [14],  npn  KOxopoM 
K «>KHBOMy»  KOHn,y 

e®. 


nocxeneHHO  npHcdBAHHaexcH  mohombp,  bcjibacxbhb  hbxo  mojib- 
KyjiapHHH  BBC  pacxBT  jihhbhho  CO  cxBnBHbH)  npoBpaiBieHHH.  JXdiJiee 
6bijio  ycxanoBaBHO,  hto  ctbahch,  ohpbagjihioiabm  CKopocxb,  hbjih- 
BTCH  HBpBrpynnnpoBKa  aHHona:  - 
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K © 

^Pn+,0 


B03HHKmero  npH  BosfleHCTBHii  MOHOMepa  na  KOHU^eByio  H:oHHyM> 

napy: 


©© 

PnOK  + 


> P„OSi:;^+  K® 


OAHaKO  CKOpOCTB  peKOM6HHaH,HH  KaTHOHa  K no  CpaBHeHHK)  CO  C.KO- 
pocTBH)  pocTa  menn  b 3tom  cjiynae  BcerAa  tbk  BUCOKa,  hto  nponc- 
xoaht  BcerAa  npHCoeAnHeHne^TOjiBKo  oahoh  MOJreKyjiti  TOTpawepa 


Phc.  3.  SaBHCHMOCTb  yAeJiBHOM 
sjieKTponpoBOAHOCTHpacTBOpaKOH 
OT  KOHAeHTpaUiHH  OKTaMeTHJIAHK- 
JiOTeTpacHJiOKcaHa.  * Mcxo^nafl 
CMecL:  6 mji  HHTpoSeriaojia  h 14  mji 
TOJiyojia.  Tojiyoji  nocTeneHHO  aaMe- 
HHJiH  TeTpaMepoM. 

[K0H]==2(?  ma/a\z  — 3,7;  TCMnepaTypa 
70®. 


XiO 


Phc.  4.  SasHCHMocTB  yAeJitHoii 
ajieKTponpoBOAHOCTH  1%-Horo  pac- 
TBOpa  HCHO  B GH2CI2  OT  KOHAGHTpa 
AHH  AnSyTHJiaMHHa;  TeMnepaxypa  25°. 


H nojinMepH3an.HH  nojiynaei  xapaKxep  nocTenennoH  peaKiuirr. 
J^ajifcHetaHM  xapaKTepncTHHecKHM  paaranneM  no  cpaBHeniiK) 
C H306yTHJieH0M  HBJIHeTCn  HH3Kan  CKOpOCTB  peaKAHH  npH  TGMne- 
paxypax  Bume  na  200°. 

MlI  BeJIH  OHHTH  C KOHli;eHTpan;HflMH  CB060AHHX  HOHOB,  nOAOO- 
HHX  npHMeHHBniHMCH  B cjiynae  naoSyxHjieHa.  IIpHMoe  ynacxwe 
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T 

::MOHOMepa  B HOHH3aU,HM  KOHU,eBOM  HOHHOH  HapLI  OK  GuJIO  AOKa- 
aaHO  BJIHHHHeM  MOHOMepa  Ha  3JieKTponpOBOflHOCTb  TH^pOOKHCa 
KaJIHH  B CMeCH  HHTpo6eH30JI  — TOJiyOJI.  B STOH  .CMeCH  TOJiyOJI  3a- 
-MeHHJiH  TOT^paMepoM  npn  hoctohhhoh  ^najieKTpHHecKOH  hoctobh- 
HOH,  npHHGM  npOBO/^HMOCTB  npOHOpr^HOliaJIBHO  yBeJIHHHBajra.Cb, 

KaK  noKas'wRaeT  pnc.  3. 

O o’p  M a Ji  b e r H IIoJiHMepHsai^HH  . ^opMaJitAern^a 

6BiJia  HayneHa  b cpe^e  axHJiOBoro  a^npa.  3KcnepHMeHTajii>Hne  j^an- 
Hbie  OHHcaHH  B AOKJiaAe  MaxaneKa  h MeH3JiHK  [12].' 

9jieKTponpoBOAHOCTb  H CKopocTb  nojiHMepH3au;HH  nponopAH- 
OHajiLHH  KOHi];eHTpau,HH  AHSyxHJiaMHHa,  KaK  noKastiBaiox  pnc.  3 
H pHC.  4,  ecjiH  nojiHMepsaaAHH  Smia  npoBGAena  b o6jiacxH 

KOHn;eHTpaij;HH  na  abb  nopnAKa  BejiHHHH 

Ilpn  noJiHMepH3aii;HH  npeAnojiaraioxcH  cjieAyioiAHe  ajieMenxap- 

HHG  peaKAHH: 

-h  — 

HHHH,HTipOBaHHe:  R3N  -f-  ROH  -^  RsNH  -1-  OH, 
pocT  'n,enH:  HO  -j- CH2O HO  — CH2O  , 

nepeAana  AenH  «npoxHBOHOHOM»: 

GHaO  + R3NH  HO  — CH2OH  + R3H.  ;; 

TaKHM  oSpasoM  axo  o6x>flCHHex,  noHeiviy  onenB  HesHaHHxejiB- 
Hoe  KOJiHHecxBO  KaxaJiH3axopa  mohcgx  HHHAHnpoBaxb  Sojibhiog 
TOCJIO  MaKpOMOJIGKyJI. 

06cy>KAeHiie 

KaK  cjiGAyex  h3  npHBGAeHHbix  pGayJiBTaTOB , cyiAGCXByGx  agjiiiIH 
pHA  BaH^HHX  apryMGHTOB  AJIB  npGAnOJIOJKGHHHV  HXO  pGaKAHH  po- 
cxa.  AGHH  npoxGKBGx  c ynacxHGM  cboSoahlix  hohob,  a hg  .c  yqacxHGM 
aoHHHX  nap,  KaK  npGAno.jiaraiox  MHornG  aBxopH. 

PaceMOxpHM  apryMGHXH,  na  ocnoBaHnn  KoxopHX  6o^bniHHCTBO 
aBxopoB  npGAnOJiaraGX  poGx  hohhkix  nap  n caMonponsBOJibHun 
o6pBTB  AGHH,  H npOBGpHM  HX  060CHbBaHH0CXI>. 

Ecjin  CHHxaxB,  ato  nocxoaHHan  AnccoAHaAHH  hohhhx  nap  na 

CB060AHBIG  HOHBI  OHGHB  HH3Ka,  XO  npH  HOHHHX  nOJIHMGpH3aH;HHX 
BCGrAa  npHMGHHiox  OHGHB  HHSKHG  KOHi^GHxpaAHH  KaxajiH3axopa 
H Aa>KG  npH  CpaBHHXGJIBHb  HH3KOH  AB3JIGKXpHHGCKbH  nOCXOHHHOH 
{e)  cxGnGHB  AHCCon.Hai];HH  HOHHBix  nap  BBicoKan.  Hcxoah  h3  ypaB- 
hghhA  BBGpyMa  [18],  KOxopoG  b oSjiacxn  hh3Khx  s npoBGpnJiH  Oy- 
occ  H Kpayc  [19],  h npGAnojiaran  a ^ 7 A (cyMMa  HotaHx  paAny- 

COB  060HX  HOHOb),  M0>KH0  JIGXKO  paCCHHXaXB,  npH  KaKHX  KOHAGH- 
XpaAHHX  HOHHHG  napU  6yAyT  AHCCohHHpOBaHBI  CBLiniG  HGM  Ha'90% 
H HH>KG  HGM  10%  ' (ai^0,9  H a2<0,l);  3xa  3aBHCHMOCXB  H306pa- 
>KGHa  Ha  pHC.  5. 
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OTCioAa  cjieflyeT,  hto  b cpe^e,  b KOTopoii  6hjio  HCCJieAOBaiio 

<6ojii>inHHCTBd  KaxHOHHLTx  noJiHMepii3an,HH  (s  = 9— 15,  KOHi^eHTpa- 

ij;HH  40"^ — 10"^  MOJihiji),  HaCTaex  SHaHHxejitHaa  HOHH3aii;ErH.  He- 
■06x0AHM0  nOAHepKHyXB,  HXO  Baa^HHM  $aKXOpOM  HBJIHeXCH  otho- 
CirxeJIbHaH  CHJia.XCHCJIOX  H OCHOBaHHH. 


■ Phc.  5.  SaBHCHMOCTL  npe^eJibHOH  KOHi^enTpa- 

HOHHHX  Hap  (fl  = 7 A)  OT  ;^H^JIeKTpHaeCKOH 
nOCTOHHHOH  paCTBOpHTeJIfl  ffJIH  CTenCHH  ^HCCOawa- 

aHH  ai=  0,916  H a2=  0,095. 

Cjie^yiomHH  apryMenx  rjiacHx,  axo  b xom  cjiyaae,  ecjia  b pean- 
HHH  yaacxByiox  CBoSoj^HHe  hohh,  cKopocxb  h cxenenb  nojiaMepa- 
^aiiHH  7i,oji>KHBi  6hjih  6i»i  3aBHcexB  ox  apo6hoh  cxeneHH  KOHi^en- 
.xpai^HH  KaxajiHsaxopa  (HjiH-coKaxajinaaxopa). 

06cy>KflaH  onyOjisKOBaHHHe  pesyjibxaxLi  pasJiHHHHx  aBxopOB, 
MH  ycxanoBHJiH,  axo  paaraasa  KOJieSjiioxca  SojiBinea  aacxbio.B 
npe^ejiax  aKcnepuMeHxaJiBHLix  norpeniHocxeii  a axo  aacxo  aBxopti 
ji;eaaH)x  He^ocxaToaHO  KpaxHaecKne  bhboah  h3  axnx  sanaioaeHHH. 
Tan,  HanpHMep,  b pa6oxe  Hopama  h Paccejia  [13]  BaaaHHe  boah 
^Ha  noJiHMepH3aii;HK)  H3o6yxHJieHa,  KaxajiHBHpoBaHHyio  nexupex- 
;xaopHCxi>iM  ojiobom,  Obijio  accaeAOBaHO  b A^yx  cepaax  onuxoB, 
'apjaaeM  xmaxejibHo  oanniieHHOH  cncxeMBi  peayjibxaxH  ohuxob 
-cooxBexcxByiox  saBHCHMocxn  ox  KOHu,eHxpau,PiH  [H2O]®’®.  Bpaya  a 
-MaxaecoH  [17]  aainjia  b paajiaaabix  cpe;j;ax  saBacaMocxb  ox 
{CGlg  •COOH]^-^*^.  CjieflOBaxeJibHO,  MOH<HO  caaxaxb,  axo  cojibBa- 
Tai^aa  noA  AeacxBaeM  Kaxajiasaxopa  ii  coKaxajiaaaTopa  HacToabKo 
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ncKa>KaeT  KHHexH^ecKiie  peayjiLTaTH,  hto  hx  Hejibaa  npHMeHHxi^ 
B KanecTBe  apryMenxa  pocxa  hohhhx  nap. 

CorjiacHO  nocjieAHeMy  apryivieHxy,  nepe^a^a  ii;enH  MonoMepoMt 
HBJiHexca  pasJiHHHOH  npn  ynoxpe6jieHHH  pasJiHHHLix  KaxaaHsa- 
TOpOB. 

9xot  Bonpoc  CBflsaH  c o6ocHOBaHHocxbio  npeffnoJiojKeHHfl  o iie- 
peflane  n,enH  MOHOMepoM,  Koxopoe  BtixeKaex  h3  xoro,  axo  o^Ha 
MOJienyjia  KaxajiHsaxopa  co3Aaex  HecKOJibKo  MaKpOMOJieKyji.  IlpH 
BHinenpHBefleHHOH  nepeji;aHe  «npoxHBOHOHOM»  3to  HBJieHHe  mo5K- 
Ho  JiexKO  o6x>HCHHXb.  Hamii  pe3yjibxaxH,  nojiyaenHwe  npn  oniixe 
c H3o6yxHjieHOM  [5],  a xaKH<e  peayjibxaxH  Iljiema  h coxpy^HH- 
KOB  [20],  pa6oxaBinHx  co  cxnpojiOM,  noAXBepjKflaiox,  axo  riepefta- 
aeii  MOHOMepoM  b o6ohx  cjxyaaax  mo>kho  npeHe6peraxb. 

3aKJiH)aenHe 

PesyjibxaxH  paAa  aKcnepHMenxajibHHx  pa6ox  paBJinaHHX  aB-^^ 
xopOB  H HaniH  coOcxBeHHbie  noji,xBep>Kji,aK)x,  hxo  npn  B;eiiHbix  hoh- 
HblX  nOJIHMepH3aiI,HflX  npOHCXOflHX  pocx  CBOSoAHBiX  HOHOB.  0 pocxe^ 
HOHHHX  nap  MOJKHO  xoBOpHXb  xoJibKO  npH  nocxeneHHHX  hohhhx 
peaKAHflx,  KOxopHe  Be^yx  k «>KHBbiM»  nojiHMepaM,  KoxAa  CKopocxb^ 
peKOM6HHaii,HH  c «npoxHBOHOHOM»  BBiffle  CKopocxH  pocxa, 
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Summary 


Detailed  investigation  into  problems  attending  ionic  polyme- 
irizations  which  has.  been  carried  out  by  a team  of  workers  of  the 
Institute  of  Macromolecular  Chemistry  in  Brno  over  a.  period  of 
.-several  years  gave  us  some  fundamental  knowledge  elucidating 
the  mechanism  of  these  reactions. 

In  this  lecture  attention  is  devoted  mainly  to  individual  ele- 
mentary reactions,  especially  those  of  chain  growth  taking  place 
•on  a pair  of  ions,  and  termination. 

Two  mechanisms  of  chain  growth  are  possible  and  are  known 
to  occur.  Firstly,  a gradual  chain  growth  taking  place  at  the  ion 
pair  (as  is  known  in  the  case  of  «living  polymers»),  secondly  a 
drain  growth  taking  place  at  free  ions. 

The  velocity  of  chain  growth  is  controlled  by  a number  of  fac- 
tors amongst  which  may  be  cited: 

a)  The  type  of  the  chemical  bond  in  the  monomer  which  undergoes 
deavage  during  polymerization.  In  this  respect  the  author  corre- 
lates results  of  kinetic  measurements  (partly  his  own  and  partly 
‘Other  authors’data)  relating  to  the  following  bonds 


\=/ 
/ \ 


(in  isobutilene,  styrene), 


/ 

O- 


C = 0 (in  formaldehyde), 


I.  (in  octamethylcyclotetrasiloxane, 


I 


OTS). 


b)  The  size  and  type  of  ions  forming  the  ion-pair..  Here  diffe- 
(rent  anions  are  compared  for  their  effects  on  the  cationic  polymeric 
zation  of  isobutylene  and,  similarly,  different  cations  are  compa- 
red for  their  effects  on  the  anionic  polymerization  of  OTS. 

c)  The  ability  of  monomer  to  form  complexes  with  the  ion-pair 
at  which  growth  occurs.  During  the  anionic  polymerization  of  OTS 
the  free  orbital  of  the  Si  atom  of  the  monomer  is  directly  engaged 

in  the  dissociation  of  the  terminal  ion-pair  — OK.  The  role 
•of  .the  aromatic  nucleus  in  the  polymerization  of  styrene  falls 
within  the  same  category. 
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More  detailed  data  on  the  dissociation  of  ion  pairs  have  beei^ 
obtained  by  the  study  of  electrical  conductivities  of  catalyst  — 
cocatalyst  systems  on  the  one  hand  and  of  systems  involving  mono- 
mer on  the  other.  The  study  of  electrical  conductivities  in  the- 
presence  of  a monomer  was  carried  out  in  the  anionic  polymeri- 
zation of  OTS  . which  is  characterized  by  relatively 
low  rates  of  polymerization.  Here  it  was  possible  to  prove* 
the  active  part  played  by  the  monomer  in  the  dissociation  of 
the  ion-pair  at  which  chain  growth  takes  place. 

. The  termination  reaction  on  the  other  hand  is  also  influenced 
by  a number  of  factors.  Among  the  most  important  factors  is  the- 
acidity  (or  basicity)  of  the  growing  ion  which  decides  whether  the 
actual  step  is  one  of  transfer  or  termination.  By  way  of  an  example- 
one  may  draw  the  attention  to  the  different  behaviour  of  water  on 

, \-  / . ■ 

the  polymerization  of  the  ~ bond  on  one  hand,  that  of  the 
C = O bond  on  the  other. 

The  reactivity  of  the  very  strong  cations (of  anions  ~G")) 
is  sufficient  for  even  relatively  strong  bases  (or  acid&)  to  add  irre- 
versibly. As  an  example  one  may  show  the  action  of  various  bases 
in  the  cationic  polymerization  of  isobutylene  and  that  of  acids- 
in  the  anionic  polymerization  of  OTS. 

in  conclusion  the  author  discusses  absolute  rates  of  the  indivi- 
dual elementary  reactions  and  refers  to  the  new  possibilities  ope- 
ned by  the  study  of  electrical  conductivities  of  monomer-con- 
taining  systems. 


Resume 

Les  etudes  effect uees  pendant  les  dernieres  annees  sur  le  pro- 
bleme  des  polymerisations  ioniques  par  le  collectif  des  collabora- 
teiirs  de  rinstitut  de  Chimie  Macromoleculaire  a Brno  nous  out 
tourni  des  donnees  qui  contribuent  a notre  connaissance  du  me^ 
chanisme  de  ces  reactions.  . . 

Dans  le  com'pte-rendu  T attention  est  donnee  aux  reactions- 
elementaires  individuelles,  principalement  au  mecanisme  de  la 
croissance  du  couple  ionique  et  au  mecanisme  de  la  terminaison. 

Deux  mecanismes  sont  possibles  et  connus  pour  la  croissance 
de  la  chaine.  D^une  part  la  croissance  progressive  dxi  couple  ioni- 
que, comme,  par  exemple,  chez  les  polymeres  vifs  et  d'autre  part 
la  croissance  en  chaine  des  ions  libres. 
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La  vitesse  de  la  croissaiice  de  la  chaine  est  dominee  par  plu^ 
sieurs  facteurs  commp  par  exemple: 

a)  Le  type  de  la  liaison  chimique  dans  le  monomere  qui  s’ouvre* 
pendant  la  polymerisation.  De  ce  point  de  vue  on  compare  les  re- 
sultats  cinetiques  de  L auteur  et  des  autres  auteurs  en  ce  qui  concer--- 
lie  les  liaisons 

>C=C<  (isobutylene,  styrolene) 

>C=0  (aldehyde  formique) 

O'— Si  (octamethylcyclotetrasiloxane)  (OTS) 

b)  La  grandeur  et  le  type  des  ions  dans  le  couple  ionique  croissant. 
On  compare  les  differents  anions  pendant  la  polymerisation  cathio^ 
nique  du  isobutylene  et  les  differents  cathions  pendant  la  polyme— 
risation  anionique  du  OTS. 

c)  La  capabilite  du  monomere  de  former  un  complex  avec  ce  coup- 
le ionique  croissant.  Pendant  la  polymerisation  anionique  du  OTS 
le  monomere,  avec  son  orbite  libre  sur  Patome  Si,  est  engage- 

dans  la  dissociation  du  couple  ionique  final  --OK.  On  pent  classi- 
Her  dans  la  meme  categorie  le  role  du  noyau  aromatique  pendant 
la  polymerisation  du  styrolene. 

Des  donnees  plus  approchees  sur  la  dissociation  des  couples> 
loniques  ont  etegagnees  par  Petude  de  la  conductibilite  el6ctri- 
que  d une  part  dans  le  systeme  catalyseur  — cocatalyseur  et  d’ au- 
tre part  dans  le  systeme  contenant  le  monomere.  L’etude  de  la 
conductibilite  electrique  en  presence  du  monomere  a ete  executee- 
Chez  la  polymerisation  anionique  du  OTS  qui  precede  lentement. 
Par  cette  methode  on  a pu  demontrer  la  participation  du  mono- 
mere  a la  dissociation  du  couple  ionique  croissant. 

La  reaction  de  terminaison  aussi  est  influencee  par  plusieurs 
facteurs.  Le  plus  principal,  c’est  I’acidite  (basicite)  du  ion'crois-^ 
sant  ^li  decide  si  c est  le  transfer!  ou  bien  la  teruiinaison  qui  a 
lieu.  Commie  un  exemple  on  pent  citer  I’action  differente  de  I'eau 
sur  la  polymerisation  de  la  liaison  >C=C<  et  >G=0.  La 
reactivite  des  cathions  tres  forts (ou  bien  des  anions--  C')  suffit 
piourquedes  bases  (aci des)  relativement  fortes  puissents’additio- 
ner  irreversiblement . Exemple:  L’action  des  differentes  ba- 
polymerisation  cathionique  de  I’isobutylene  et  des 
differents  acides  pendant  la  polymerisation  anionique  de  OtS.- 

^ Cn  conclusion  on  discute  des  grandeurs  absolues  des  reactions- 
e ementaires  individuelles  pendant  la  polymerisation  ionique  et 
on  fait  romarquer  les  possibilites  ouvertes  par  la  mesure  de  la  con~ 
ductibilite  electrique  en  presence  du  monomere. 
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0 POJIH  HEnOJIflPHWX  COESHHEHnU 
UPH  KATHOHHO0  nOJIHMEPH3AIl,HII  HSOBYTIUIEHA 

3.  3 Jici  Ma  Ay  A,  K a sd  a 

(’^exoGJiCBaiOTH) 


B npoinJiOM  ro^y  OKaMypa  h XEracHMypa  11]  ony6jiiiKOBajiH 
-CTaTbH),  AOKasBiBaiomyK),  hto  flBa  nenoJiapHtix  pacTBopsTejia, 
6eH30Ji  H CCk,  EMeiomHe  npaKTHaecKH  oAHHaKOsyio  ^HajieKTpnae- 
•CKyK)  nocTOHHHyio,  pasJinaHO  bjihhiot  na  KaTHOHnyio  nojiHMepHsa- 
u;hk)  CTHpojia.  B hhcjio  (|)aKTOpOB,  bjihhh)iii;hx  na  xojj;  nojiHMepHsa- 
xi;hh,  Heo6xoAHMO,  noMHeHHio  axHX  aBTopoB,  BKJiioaHTB  flange  bjihh- 

HHG  CTpyKTyptl  paCTBOpHTGJIH.  BgHSOJI  flBJIHGTCH  60JIGG  y|^o6HHM 
paCTBOpHTGJIGM  H o66CnGaHBaJI,  Aa>KG  B CMGCHX,  SoJIGG  BHCOKyK) 
CKOpOCTB  pGaKU;HH,  aGM  CCk.  ilpH  ynOTpGSjIGHHH  XaOpSGHSOJia 
6HJia  flocTHrHyxa  6ojiGG  BHCOKaa  CKopocxt  pGaKii,HH,  ^gm  npH  yno- 
Xp66jIGHHH  XJIOpO(J)OpMa,  XOXH  H B 3X0M  CJiyaaG  06a  paCXBOpHXGJIfl 
HMGIOT  OAHHaKOBHG  flHaJIGKXpHHGCKHG  HOCXOHHHHG..  BoJIGG  BHCO- 
KaH  aKXHBHOCXB  apOMaXHHGCKHX  paCXBOpHXGJIGH  npOHBJIHJiaCb  B 
npHCyxCXBHH  H B OXCyXCXBHG  COKaxaJIHSaXOpOB, 

TaKyio  napy  HenojiKpHHx  paoxBoptoGJiGii,  a hmghho  rGKcan  h 
6gH30JI,  HCCJIGAOBaJIH  H MH..  Mh  HSyHaJIH,  KaKHM  oSpaSOM  H3MGHH- 
GXCH  aJIGKXpOnpOBOAHOCXB  paCXBOpOB  AICI3  B XJIOpHCXOM  aXHJIG, 
GCJIH  XJIOpHCXHH  9XHJI  nOCTGHGHHO  SaMGHHXB  6GH30a0M,  H B APY^OM 
OHHXG,  rGKcaHOM.  B pacxBopax  oAHsaKOBoro  cocxasa  h b xgx  >ko 
CaMLIX  yCJIOBHHX,  KaK  npH  HSMGpGHHH  3JI6KXpOnpOBOAHOCXH,  Ml>i 
BGJIH  nOJIHMGpH3aiI,HH)  H306yXHJI6Ha  H yCXaHOBHJIH  H3MGHGHHG  MOJIC- 

KyjiHpHoro  BGca  noJiyaaGMoro  nojiHMGpa  b saBHCHMOCXH  ox  cocxa- 
Ba  pacxBopa.  B cooxbgxcxbhh  c HaniHMH  npGAHAyiAHMH  AannHMH 
[2]  MH  OHtHAaJiH,  axo  MOJiGKyjiapHHH  BGC  o6pa30BaBmGrocfl  nojiH- 
MGpa  6yAex  hbmghhxbch  oSpaxHo  ajiGKxponpOBOAHOCxH. 

PhC.  l,a  nOKaSBIBaGX  HSMGHGHHG  yAOJIBHOH  9JIGKXponpOBOAHOCXH 

pacxBopa  AICI3  B xjiopncxoM  oxhjig  npn  —78,5°,  npn  nocxonGHHon 
3aMGHG  XJIOpHCXOrO  9XHJia  6gH30JI0M.  npH  npH6aBJI6HE[H  6GH30Jia 
yAGJiBHaa  9JiGKxponpOBOAHOCT>b  noBHmaGXCH,  kbk  yme  mhoto  jigx 
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TOMy  Ha3a;n.  Ha6jiiOAaji  BepxHnopox  [3],  B ycjiOBHHx  iiaiunx  onti-. 
TOB,  npH  ynoxpeSjieHHH  onenb  ^hcxhx  hcxoahhx  Bem,ecxB,  y^ejib*- 
Haa  3JieKxponpoBOflHocxb  npoxo^nx  aepea  MaKCHMyM  npa  MOJiap- 
HOM  cooxHomeHHH  CaHe/AlCla,  npH6jiH3HxejibHO  paBHOM  400.  Tlpa 


a:  SaBHCHMOCTb  MOJieKyjiRpHoro  Beca  nojuinsodyTiiJieHa.noJiyHeHHoro  nojiii- 
MepHsai^ueft  b cMecH  xjiophctuh  bthh  — denaoji  npB  —78,5®,  OTv'coAepJKaHHH 
denaoJia  pacTBOpiiTejie  (%  tec.)*  KaTajinaarop  — AJCU  d:  3aBnciiMOCTb 
YACJlbHOa  BJieKTpOnpOBOAHOCTH  paCTBOpOB  AlClj  B CMeCH  XJIOpHCTblii 
BTHJi  — dcHSOJi  npH— 78,5®  ot  co;xep>KaHHH  OeHsojia  b pacTBopuieJie  (%  sec.). 

cuAepjKaHHH  6eH30Jia  okojio  16%  b CMecs  pesyjiLxaxu  nsMepennH 
cxaHOBaxca  HeBOcnpOH3BOja;HMHMH,  xaK  Kaa  6eH3oa  BHMopa>KHBa- 
exca  H3  HayaaeMoro  pacxBopa.  Beasoa  oxjinaaexca  ox  Bcex  nayaaB- 
iiiHxca  aaMH  BemecxB,  HMeBmnx  b MOJieKyjie  axoMbi  N hjih  0.  3xh 
BemecxBa  pearapoBajin  c xjiopacxHM  aJiiOMHHHeM  b MaJiHx  Moaap- 
HHX  cooxHomennax,  o6pa3ya‘  KOMnaeKCbi.  OflHaKO  hgoOxoahmo 

18  MemHyHapoaHuft  caMnoanyM,  cckphr  2 ’-273 
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noHTM  B 1000  pas  noBBiCHXL  KOHi],eHTpaiJiHK)  SeHsojia,  ^to5h  npo- 
•HBHJiocL  ero  BJiHHHHe  Ha  yAejiLHyio  ajieKTponpoBOflHOCTt.  Moh^ho 
CHHxaxL,  Hxo  noBHBieHHe  ajieKxponpoBOflHocxH  BBisBaiio  BsaHMo^^eii- 
cxBHBM  SeHsojia  c npHcyxcxByK)ni;HMH  KOMnjicKcaMH,  BCjie^cxBXte 


Piic.f2. 

a:  SaBHCHMocTb  MOJieKyjiHpHoro  Beca  nojuiHBoOyTHJieHa,  noay^ieHHoro  noJiiiMepiiaa- 
UHCfi  B CMecH  xjiopHCTUM  9Tnji-|-6eH30Ji  npH  —78,5°,  OT  coAepmaHHH  CCHBOJia  B pac- 
TBOpHTejie  (%  Bee).  KaTaniisaTOp:  KOMnjieKC  EtOH'AlCU-  G:  SaBHCHMOCXb  yAeJib- 
HOii  9JieKTpOnpOBOAHOCTH  paCTBOpOB  KOMDACKCa  EtOH^AlCU  B CMeCH  XJIOpHCTblii 
9Tnn  + Oenaoji  npn  —78,5°  ot  coaepjKaHHH  6eH30Aa  b pacTBopHTejie  (%  Bee.). 

Hero  Bospacxaex  hhcjio  hohob.  B cjieAyK)ru,eH  naoxs  KpHBoii  yme  npo- 
HBJIHeXCH  nOHH?KeHHe  flHSJieKXpHHeCKOH  nOCXOHHHOH  cpej^Bi  npn 

BHCOKOM  coji;ep^aHHH  SeHSOJia.B  pacxBopnxejie  h KpHBaa  cim- 
jKaexcH. 

CoAepjKaHxre  5eH30Jia  b pacxBopHxejie  saBHCHx  ox  MOJieKyjiap- 
Horo  Beca  nojiHH3o6yxHJieHa  (cm.  pnc.  l,d),  KpHBaa  HMeex  npe^- 
noaaraBiHHHca  xo^r;  h ^aer  MHHHMyM,  cooxBexcxByH)in;HH  MaKcn- 
MyMy  Ha  kphboh  aaeKxponpoBOAHOCXH.  IIoaoH^eHHa  3KCxpeMaai>- 
HBix  ToaeK  He  Moryx,  KOHeano,  tohho  coBna^axB,  xaK  kbk  fl;o6aB- 
KH  MOHOMepHoro  H3o6yxHJieHa  BanaiOT  Ha  flHajieKxpnaecKHe  cboh- 
cxBa  pacxBopnxejia  npn  onuxax  no  noaHMepH3aB,HH.  B o6jiacxn,B 
KOTopoH  6eH30Ji  BHMopaH^HBaexca  H3  pacxBopa,  onHxbi  nonojiHMe- 
pHsaniHH  BOo6ni,e  HeBOcnpoHSBOflHMH,  MOH^ex  6hiThy  BCjieAcxBEie 
a^cop6ii;nH  Kaxaanaaxopa  na  noBepxHOCXH  KpncxaaaoB. 
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EcJIH  B paCTBOpe  XJIOpHCTOrO  dXBJia  paCTBOpHXB  KOMlUieKC 

EtOH-AlCls.TOBjiHflHHe  6eH30Jia  Ha  ajieKxponpoBOflHocTb  h mojib- 

KyjIHpHHH  BBC  nOJIHH3o6yTHJI6Ha  HBJIfllOTCH  COBCBM  flpyrHMH, 

KaK  noKa3HBa6T  piic.  2,  a,  '6. 


M w'^ 


a:  ^SaBiicHMOCTb  MOneKyjiHpHoro  Beca  nojiHH3o0yTHjieHa,nojiyqeHrioro  nojiH- 
MepiisamicH  r CMecn  xJiopiiCTbift  bthji  + reKcan  npH  — 78,5°  ot  co^epma- 
HHH  reKcana  b pacTBopiiTCJie  (%  Bee.).  KaTajiiiaaTop  — komojickc  EtOH* 
• AICI3.  6:  SaBHCHMOCTb  yseJIbHOfl  9JieKTponpOBO;miOCTH  paCTBOpOB  KOMEUICK- 

ca  Eton ‘Aids  B CMecii  xjiophctejh  othji  + rcKcan  npH  —78,5°  ot  coAep- 
jKaHHH  reKcana  b pacTBopHxejie  (%  Bee.). 


no7i;aHHHM  OKHMypa  h XsracHMypa  BJiHHHHe  Senaojia  na  cko- 
pOCTt  peaKH;HH  O^HHaKOBO  B npHCyTCTBHH  H B OTCyXCTBHG  COKaxa- 
jrasaxopa.  Ilpn  HSMepeHHH  MOJieKyjiapnHx  bgcob  OKasajioct,  hto 
KpHBBie,  rtoJiyaGHHue  b npncyxcxBHn  h b oxcyxcxBHG  coKaxamsa- 
XOpa,HMGK)T  paSJIHHHHH  XOfl.  9x0  ,n,0Ka3HBaGX,  axo  npH  KaXHOHHOM 
TTOJIHMepHSaDIHH:  ^GHCXBHG  OXJ^GJIBHtlX  KOMIIOHGHTOB  fi  SHaHHTGJILHOH 
cxGneHH  saBHCHx  ox  ycjiOBHH  pGaKu;HH.  Motkho  CHHxaxL,  axo  pa3- 
JIHaHOG  BJIHHHHG  6GH30Jia  BBI3BaHO  GFO  MBJIOH  OCHOBHOCXbK)^  KOXO- 
pan  xoxa  h cpaBHHMa  c ochobhocxbk)  xjiopHcxoro  axnjia  (bcjig^- 
CXBHG  HGrO  6gH30JI  MOJKGX  KOHKypitpOBaXB  C XJIOpnCXHM  BXHJIOM 
npH  pGaKI^HH  C AICI3),  HO  HG  BJiaHGX  yH^G  B tipHCyXCXBHH  3XHJI0B0r0 
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CHHpTa  C OTHOCHTCJIbHO  BtlCOKOH  OCHOBHOCTbK).  3jI6KTpOnpOBOfl“ 
HOCTb  CJiaSo  HOHH3HpOBaHHOrO  KOMHJieKCa  EtOH-AlCls^MOHOTOHHO 
- noHHJKacTCH  npH  ji|o6aBJiGHHH  6eH30Jia  h mojigkyjihphhh  bgc  nojiy- 
HGHHOrO  nOJIHH3o6yTHJIGHa  npaKTH^GCKH  H6  HSMGHHGTCH. 

M l o' 


Phc.4. 

a:  BaBHCHMOCTB  MOJieKyjinpHoro  Beca  nojiHMaoOyTHjieHa,  nojiy^ennoro  noJiHMepnaa- 
iineft  B CMecH  xjiopHCTbift  btiiji  — reKcan  npH  —78,5°,  ot  coAepwaHH«  reKcana  b 
B pacTBOpiiTejie  (%  Bee.).  KaTajiasaTop  AlCU.  6:  3aPHCHM0CTb  yMCJiBHott  BJieKTpo- 
npOBO<HHOCTH  piaCTBOpOB  AICI3  B CMCCH  XJIOpHCTbl^  BTHJI  + rCKCaH  npil  —78,5°  OT 
- ■ ' ; coACpJBaHHa  rcKcaHa  B pacTBopHTCJie  (%  Bee.). 

' B npHcyTCTBHH  KOMHJieKca  EtOH-AlCls  pasjiH'fflH  Me5Kfly  ach- 
‘‘CTBiieM  6eH3ona  H reKcana  ne  Ha6nK»AaeTCH.  9jieKTponpoBOAHO,CTb 
rioc’ne  AO^aBjieHHH  rfeKcana  mohotohho  noHH5KaeTCH,  MOJieKyjiHpnHH 
Bee  npaKTKB;GCKH  HG  H3MGHKGTCK. 

0;];HaKb'  b oxcyTCTBHG  aTBCJioBbro  cnHpxa  pasjiHTOG  MG>K?i;y  tgk- 
caHOivi H 6G:fi30Ji0M  3HaB:E[TeJiLHO,  KaK  noKaaijiBaGT  pac.  :4.  9jigktpo- 
npbBO’AHOCTb  pacTBopa  AlCla  b xjiopacTOM  3THJie  no^  bjihhhhgm  aoj 
' 6aBkH  iGHcana  ilbHHJkaeTCfl;  b cootbgtctbhh  c 3thm  MOJiGKyjinpHHH 
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BecnoayHeHHoronojiHMepanoBHniaeTCfl.  IlocjieAHHH  cjiynaH  hbjih- 
GTCH  HHTepecHHM  npHMepoM  TaKoro'3$(|)eKTa,  npn  KOxopoMMOJieKy- 
jiHpHLiH  Bee  nojiHMepa,‘ oSpaayiomerocH  b cooTBexcTBHH  CKaxnoH- 
HUM  MexaHHSMOM,  nOBHmaexCH  HpH  nOHH?KeHHH  ;i,H9JieKXpHHeCKOH. 
nocxoHHHOH,  HX0MHHa6jiK)AajiH  xaKH<eB  cjiy^e  CMecH  xjiopncxHH 
MexHJi+sxaH.  HaM  Ka?KexcH,  ^xo  axox  $aKx  xpyAHo  oS'bhchhxb  na  6c-. 
HOBaHHH  npeAnojio>KeHHH  o MOHOMOJieKyjiHpnoM  oSpHBe  r^enn  b koh- 
u;eBOH  HOHHOH  nape,  OAHaKO  ero  mojkho  JierKO  oSxjHchhxb,  gcjih  npn- 
Hflxb  BO  BHHMaHHe  npGAnojioH^eHHe  o6  oSpHBe  u;enH  cbo6oahiiImh 
aHHonaMH,  nncjio  Koxopux  c noHHH^eimeM  AHajieKxpnnecKOH  no- 
cxoflHHOH  ySHBaex. 

B oxjiHHHe  ox  OnaMypa  h XnracHMypa  mh  CHHxaeM,  nxo  b pe- 
aKAHOHHHe  cxeMH  He  cjieAyex  BKjiiOHaxb  Aa*Jii>HeHniHe  «cxpyKxyp- 
Htie  BJIHHHHH».  IlpH  HOHHOH  nOJIHMepH3aii;HH  KaH^A^H  HpHcyxcxByio- 
man  MOJiGKyAa  bgaox  cgSh  b cooxBexcxBHH  co  CBoen  ochobhocxbh) 
H nOJIHpHOCXbH)  H OX  yCJIOBHH.  peaKAHH  SaBHCHX,  KaKOe  H3  3X0X 
CBOHCXB  6yAex  CHJiLHee  bjihhxb.  PasjiHHHoe  BJiHHHne  6eH3bi[a  Ha 
ajieKxponpoBOAHocxB  KOMHJieKca  EtAlCUn  KOMnjieKca  EtOH-AlCls 
cjiyH<Hx  xopoHiHM  HpHMepOM.  IIoBLiineHHe  ajieKxponpoBOA- 
HoexH  KOMHJieKca  EtAlGh  mo>kho  oS'bhchhxb  peaKAHeii 


B KoxopoH  6eH30Ji  BGA^x  ceSa  b Kaaeexse  Aosopa  ajieKxpoHOB 
(x,  e.  npoaBAHioxcH  ero  ochobhug  CBOHCXBa).  Ecjih  b pacxBOpe  npn- 
cyxcxByex  KOMnjieKcEtOH*AlCl3,xo  npoHBJiaioxcH  xojibko  A^aaeKT- 
pHHecKHe  CBOHCXBa  6eH3oaa  h ohh  BtiauBaiox  naAenne  yAeatHOH 
aaeKxponpoBOAHocxH,  CKasHBaion^eecH'  b noHHjKeHHH  A^^JieKxpH- 

aeCKOH  nOCXOHHHOH. 

FeKcaH,  He  HMeion^HH  ochobhhx  ir-aaeKxpOHOB,  oxhochxch 
K 060HM  KOMHaeKcaM  OAHHanoBO.  Oh  notaa^aex  AHSJieKxpHaecKyio 
nocxoHHHyK)  cpeAH  h cxenent  AHCCOAnaAHH. 

Moh^ho  CHHxaxL,  Hxo  ocHOBHHe  CBOHCXBa  apoMaxHHecKoro  HApa 
Moryx  6hxb  hphhhhoh  HeacHoexen  b Bonpoce  0 xom,  xpeSyiox  an 
MOHOMepH  c apoMaxnaecKHM  aApoM  b MoaeKyae  coKaxaaHsaxopa 
nan  Hex,  xoro,  axo6iJ  noaHMepnsoBaxBca  no  KaxnoHHOMy  mg- 
xaHH3My.  KajKexca,  axo  cxaxBH  MeABeAesa  n coxpyAHHKOB  [4] 
CBHAexeaLCXByiox  06  yaacxHH  cxnpoaa  n a-Mexnacxnpoaa  b npoAec- 
ce  HHHAHHpoBaHHa.  J\oBOJihB.o  BepoaxHo,  axo  axo  yaacxne  exano- 
BHxca  B03M0H^HHM  6aaroAapa  naanaHK)  apoMaxnaecKoro  aApa. 
flBaaexca  an  cxnpoa  caM  ce6e  coKaxaansaxopoM  nan  Hex?  Mh  no- 
aaraeM,  axo  yAaanoro  oxsexa,  na  axox  Bonpoc  He  XBaxaex 
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npe>KAe  Bcero  o6iia;ero  onpe^ejieHHa  aHaaenafl  «coKaTajia3aTop». 
Mo?kho  cqHTaTB,  axo  o6iii;H:e  npasHaKH  hokhlix  peaHmaa  na^o  bhbo- 
j\RTh  HaocHOBaHHH  HsyaeHHfl 3JieKTpoxHMHHecKax  npoDjeccoB,  npo- 
HCXOffHmaX  B ^aHHHX  HGBOAHHX  paCTBOpHTeJIflX.  3th  aJIGKXpOXHMH- 
aecKHe  npon;eccii  hjih  npe;i;mecxByK)T  coScxBeHHo  nojiHMepH3aB;HH, 
HJiH  npoxeKaiOT  oflHOBpeivieHHO.TaK  Kan  hm  ji;o  chx  nopyAejiflJiocfc 
jiHint  HeSojibffloe  BHHManHe,  to  paaBHXHe  o6iii.ero  xojiKOBaHHH 
MexaHH3Ma  h KHHexHKH  HOHHHx  nojiHMepH3aii;HH  coBepmaeiCH 
oaeHb  MeAJieHHo. 
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Summary 

Comparison  of  changes  in  electrical  conductivities  and  in  mole 
cular  weights  of  polyisohutene  produced  in  the  medium  studied 
shows  that  (similarly  as  with  polar  substances)  hon-polar  substan- 
ces also  affect  the  course  of  the  cationic  polymerization  of  isobu- 
tene, in  the  first  place  through  their  influence  on  the  ionization 
of  the  active  complex^  The  difference  between  hexane  and  benze- 
ne r-  both  having  approximately  the  same  dielectric  constant  — 
shows  that  jt -electrons  of  the  aromatic  Ting  cause  an  increase  of 
the  specific  conductivity  of  the  system  at  low  concentrations  of 
the  aromatic  substance;  only  at  higher  concentrations  of  benzene 
is  there  a decrease  in  the  specific  conductivity  induced  by  a decrea- 
se in  the  dielectric  constant.  The  dependence  of  the  molecular 
weight  of  polyisobutene  on  the  content  of  non-polar  substances 
is  a mirror  picture  of  the  conductivity  curve,  which  proves  that 
the  termination  reaction  in  the  case  studied  is  a reaction  invol- 
ving free  ions  and  not  ion-pairs.' 

' ^ 

Resume 

La  comparaison  des  conductivitfe  electriques  et  des  poids 
moleculaires  du  polyisobutylene  forme  dans  le  milieu  etudie  mont- 
re  que  'les  substances  non-polaires  aussi  (comme  d’ailleurs  les 
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substances  polaires)  influencent  la  polymerisation  cathionique  de 
r isobutylene  par  leur  influence  sur  la  ionisation  du  complex 
actif. 

La  difference  entre  Tbexane  et  le  benzene,  qui  ont  une  constant 
to  dielectrique  presque  pareille,montre  que  les  61ectrons-7r  du  noyau 
aromatique,  par  leur  interaction  avec  le  complex  actif  provoquent 
line  augmentation  de  la  conductivite  specifique  du  systeme  aux 
petites  concentrations  des  substances  arpmatiques.  Si  Ton  aug- 
mente  la  teneur  en  benzene,  on  appergoit  une  diminution  de  la 
conductiviti?  provoquee  par  rabaissement  de  la  constante  dielect- 
rique, La  dependence  du  poids  moleculaire  du  polyisobutylene 
sur  la  teneur  en  substance  nonpolaires  est  Timage  en  miroir  de  la 
courbe  des  conduct! vites,  ce  qui  montre  que  la  reaction  de  la  ter- 
minaisbn  dans  le  cas  etudie  est  une  reaction  des  ions  libres  et  non 
des  couples  ioniques. 
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O MEXAHH3ME  PEAKI1,HH  0BPA30BAHHfl 
CTEPEOPEPyJIflPHblX  nOJIHMEPOB 

JP,  M u cc  a u r e p tiino  6 u H ti 

(PyMbIHHfl) 


ChHTGS  BBTaKTOTeCKHX  nOJIHMepOB  HBJIHeTCH  HOBOH  oSjiaCTBK)^ 
HMeK)ii];eii  kbk  npaKTHBecKoe,  xaK  h xeopeTHHecKoe  SHa^enne.  Sna- 
HHH,  noJiynaeMHe  b btoh  o6jiaCTH,  noMoryx  Henocpe;i,cxBeHHO  no- 
HHMaxL  H BocnpoHSBOAHXB  ecxecxBGHHHe  npoii;eccLi,  npoxeKaiom.He' 
C BfcICOKOH  CXepeOCneD,H(j[)HTIHOCXI>IO,  n HeCHMMexpHHHHe  CHHXeSH. 

B HacxoHrD,ee  BpeMa  nsBecxHti  pasHLie  CHCxeMBi  noJiHMepH3aii,HH^ 
^aiomne  npH6jiEi30[xejii>HO  OAHsaKOBLie  xnnH  aBxaKXHnecKnx  hojih- 
MepoB. 

9xox  (|)aKx  xenepfc  BKcnepnMeuxajibHo  o6ocHOBaH  ^ocxaxon- 
HOrO  HHCJia  MOHOMepOB  (a-OJie(J)HHOB,  flHOJie(j)nHOB  C COnpHHCeHHHMS 
ABOHHBIMH  CBH3HMH  BHHHJIOBBIX  9$HpOB,  OKHCOH  OJIKHJieHOB  H X. 

H KaxajiHsaxopoB  (MexajiJioopraHHHecKHX  coeflHneHHH  paajiHnnoro 
COCXaBa,  OKHCJIOB  H X.  ff.)  SJIH  BBIBO^a  OflHOrO  HJIH  HeCKOJIBKHX  o6- 
mnx  aKxoB,  npHflaiom,iix  cxepeoperyjiHpHocxB. 

flo  HacxoHmero  BpeMenn  Sbijih:  npe^jio^eHBi  pasHHO  MexaHH3MBi^ 

oGMCHHiomHe  o6pa30BaHHe  aBxaKxnnecKHX  nojiHMepoB. 

PaAHKajiBHBiH  MexaHH3M  [1]  ocHOBan  na  o6pa30BaHHH  ajiKHJi- 
rajioreHH^OB  xnxana  b peayjiBxaxe  peaKii,™  Me>Kfly  raJioreHH^aMH 
xHxaHa  H ajiKHJiajiiOMHHHeM  [2]  h Ha  bo3mo>khocxh  roMOJiHXHne- 
CKoro  paapBiBa  cbh3h  C — Ti  [3]. 

B HacxoHmee  BpeMH  H3BecxHBi  pa^HKajiBHBie  peaKn,HH  co  cxepeo- 
cneii,H(j)HHecKHMH  ajieMenxaMH  [4]  h b onpeflejieHiiBix  ycjiOBHHx  6bi- 
JTH  nojiyneHBi  cxepeoperyjinpHBie  nojiHMepBi  c paAHKajiBHBiM  hhh- 
HHHpOBaHHeM  [5],  PaflHKaJIBHBIM  MGXaHHSMOM  6BIJia  XaK>KG  o6x»ac- 
HGiia  nojiiiMepH3aii;HH,  H^yman  b npncyxcxBHH  noJiynpoBOAHH- 

KOB  [6]. 

BbIJIH  xaK>KG  npG;i,JIO>KGHBI  aHHOHHBIG  MGXaiIH3MBt  KOMHJIGKC- 
HBix  KoopAHHai],HOHHBix  KaxajiHsaxopoB  XHna  IJ,HrjiGpa  hjih  KaxH- 
OHHBIG  — ‘ MOAH^HAHpOBaHHBIX  KaxaJIHSaXOpOB  OpHAGJIH  — 
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Kpa(|)Tca.  CTepeoc^e^H(|)HHHocTb.o6'bHCHHeTC^I  ap,eop6pHeH  iia  no- 

BepXHOCTHX  KpHCTaJIJIOB  HJIH  JKG  oSpaSOBaHHeM  KOMnJieKCOB  CO 
CBoSoflHOH  napoH  aneKipoHOB  MonoMepa  [7].  HniepnpeTai^Hfl  non- 
Ho-pa^HKaJiBHoro  MexaHH3Ma  npe/i,nojiaraeT  nGpcMemcHHe  u;GHTpa 
peaK^HH  H paAHKaJiBHoe  pacnpocTpaneHne  peaK^HH,  nponcxoAH- 
m.eH  B cjioe  xeMocop6HpoBaHHoro  MOHOMepa  [8],  IIoKasaTeJieH  tot 
^aKT,  HTO  KHHGTHHeCKHH  aHaJIH3  HG  fl^aGT  B03M0>KH0CTH  paSJIH^HTK 
3TH  HOHHMG  MGXaHH3MH  [9].  OnHCaHO  TG^IGHHG  pcaKBIHH  B XGMOCOp- 
enpoBaHHOM  CJIOG  H npGAJiOH^GHLi  ApyrsG  MGXaHHSMM  [10—12]. 

BcG  3TH  CXGMBI,  KBR  H ApyrHG,  flaiOT  JIHIBB  TOCTHHHOG  pGIUGHHG 

Bonpoca,  KOTopoG  cnpaBGAJiHBO  a-Jih  onpGAejiGHHtix  chctgm,  ho 
HGAOCTaTOTOO  o6T>HCHeHHH  BapHaHTOB  BLimGyKaaaHHMX  npo- 

AGCCOB. 

KpOMG  TOrO,  CJIGAyGT  nOA^epKliyTB  BHCOKyK)  CTGHGHB  CnGAH(J)HH- 
HOCTH  pGaKAHii,  BGAyiAHX  K 06pa30BaHHI0  3BTaKTHHGCKHX  HOJIHMG- 
pOB.  HbMGHGHHH,  npOHCXOAHBI,HG  C MGHbBIHM  3^^GKT0M  B APy^HX 

KJiaccax  pGaKAHH,  HanpnMGp  hgpgmgiaghhg  oahoto  axoMa  mg- 
Tajijia  B apoMaxHnGCKOM  cogahhohiih,  BnauBaiOT  b J^aHHOM  cjiy- 
nae  rjiySoKne  naMenennH  [13,  14], 

PaaBHBaa  panGG  npGAJiojKGHHyK)  kohaghahio  [15],  mbi  CHHTa- 

GM,  HTO  CTGpGOCHGAH^HHGCKaH  HOJIHMGpHaaAHH  3aBHCHT  OT  HOCJIG- 
AOBaxGJiBHO  AGHCTByioiAAX  $aKxopoB: 

Ha  ynacxKG  MGHCAy  peaKAHOHHocnoco6HOH  HacxBio  MOHOMGpa- 
H AeHXpOM  pGaKAHH,  npGBBiniaiOIAGM  paCCXOHHHG,  XapaKTGpAOO 
AJIH  HGpGXOAHOrO  nOJIO>KGHHH,  HG06x0AHM0  XaKOG  paCHOJIOH^G- 
HHG  MOJIGKyjI,  KOXOpOG  BGABT  K 06pa30BaHHK)  CXGpGOpcryJIflpHOrO' 
cogahhghhh; 

caM  no  cg6g  aKx  hphcogahhghhh  MOHOMGpa  k pacxymGH  aghh 
AOJI5KGH  6hxL  XHHHHHOH  CXGpGOCHGAH^HHGCKOH,  KOHXpOJIHpyGMOH 
npocTpaHCXBGHHBiMH  (j)aKTopaMH,  poaKAHeH; 

KOHGnnaH  (|)a3a  BBiAGJieHHa  BBipocinGii  MOJiGKyjiBi  h3  ACHTpa  pG- 
aKAHH  H Gro  BOCCXaHOBJIGHHG  AOJIJKHBI  HpOHCXOAHXB  B yCJIOBHHX, 
KOHXpOJinpyGMBIX  XaKHM  o6pa30M,^  nXoSBI  npnCOGAHHGHHG  HOBOH 
MOJIGKyjIBI  MOHOMGpa  HpOHCXOAHJIO  C TOH  >KG  nOCJIGAOBaXGJIBHOCXBK). 

IIpGABapHXGJIBHaH  OpHGHXaAHH  CXGpGOCHGAH^HnHOro  COGAHHG- 
HHH  TOH<AeCXBGHHa  CGJIGKAHH  H HpGAnOJiaraGX  CyiAGCTBOBaHHG  no- 
TGHAnajiBHBix  6apBepoB.  CooxBGTCTByioman  SHopran  aKXHBaAra  mo- 
>KGx  6bixb  coBAana  b ycjiOBnnx,  oSycjiOBJiHBaiomjnx  SjiaronpnnxHOG 
SHGprGXHHGCKOG  nOJIOn^GHHG.  MlIOFOoSpaSHG  yCJIOBHH  3xoro  xnna 
o6x>ncHnGx  MuorooSpaanG  cncxcM,  BeAyni;Hx  k oSpaaoBannio  OBxaK- 
xnnGCKHx  noJiHMepoB.  - . 

OpnGHXaAHH  MO>KGX  6bIXB  AByMGpHOM  HJIH  XpOXMGpHOM  H npOIIC- 
XOAHTB  na  MaKpo-  hjih  jkg  na  MHKponoBGpxHocxHx.  TnnnnHBiM 
npHMGpoM  HBJinexcn  opnGHxnpoBaHHBiii  pocx  OJmronGnxHAOB  na 
noBGpXHOCxH  KBapAa[16]:,  ycjioBnnMn,,  6jiaronpnnxcxByioni;nMH  o6x>- 
GMHOii  OpHGHXaAHH,  MOHiGT  HBHTbCH  B HGKOXOpBIX  CJiynaHX  «nOBGpX- 
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H0CTi>»  arjioMepaTOB  KaTajinaaTopoB,  arjioMepaxoB  KBasHMOJieKy- 

jinpHtix  pa3MepoB  [17]. 

HHTepecHHH  cnoco6  06'beMHOH  opHeHTaiJtHH  BOSHHKaeT  npH  no- 
JIHMepH3ai].E[H  C KanaJIfeHLIMH  KOMHJieKCaMH  [18]. 

’ riojioJKeHHe  HBJiHexcH  6ojie6  cjio^hbim  b cjiy^ae  «hb[ctbix»; 

OAHOpOAHHX  CHCXeM  nOJIHMepHSai^HH,  B KOXOpbIX  HeB03M0H{H0  BH- 
flGJIHXL.  OpHGHXnpyiOn^HG  (|)aKXOpH  BLiniGyKaSaHHIjIX  XHIIOB.  B 3XHX 

CHCxGMax  Moryx  nponcxoA^xb  hbjighhb  hhxgp^gpghbihh  MG>KAy 

npHCOGJ^HHGHHBIM  MOHOMGpOM  H nOCJIGJi,HHM  HJIH  HOCJIGAHHMH 

3BGHbHMH  pacxym,GH  U;GnH. 

PaSJIOTHHG  CKOpOCXH  npHCOG^HHGHHH  MOHOMGpOB  B pa3JIMHHX 
CTpyKXypaX  (cXGpGOCnGIi;iI^H^GCKaH  IIOJIHMGpH3ail,Hfl  npOBGpGHa 
XaK>KG  C KHHGXHHGCKOH  XOHKH  SpGHHH  B yCJIOBHHX  o6pa30BaiIHK 
pa3JIHHHBIX  KOJIHHGCXB  axaKXHHGCKOrO  HOJIHMGpa)  OCaJKflGHHG 
cxepGopGryjiflpHoro  nojiHMcpa  b «njioxE[x»  pacxBopsxGjjHx  Moryx 
CHrpaXb;  POJIB  B o6pa30BaHHB[  BBXaKXHHGCKHX  nOJIHMGpOB  [19]. 

EcJIH  3X0  yCJIOBHG  BLinOJIHGHO,  MOH^GX  np0H30HXH  CTGpGOCnGIi;H- 
^H^GCKOG  npHCOG^HHGHHG,  X.  G.  pGaKU;Hfl,  HOfloSHaH  ffpyrHM 
II3BGCXHHM  pGaKI];HflM,  npOHCXOAHID;HM  C BHCOKOH  GXGpGOCnGIi;H(|)HH- 
HOCTBK).  fljIH  HGKOTOpBIX  CJiy^aGB,  HO  BCGH  BGpOHXHOCXH,  npHMG- 

HHMBI  MOAOJIH  KpaMa  [20]  H HHAyKAHH  o6pa30BaHHH  HOBOrO  HGCHM- 
MGXpHTOOrO  AGHXpa  HHXGP$GPGHI1;HH  MGJKAy  SaMGCXHXGJCHMH  MOHO- 
MGpa  H KOHGTOBIM  3BGHOM  nOJIHMGpa. 

TaK  KaK  SoJIBIBHHGXBO  pGaKAHH  npOHCXOA^T  B npHCyTCXBHH; 
HeKOTOpBIX  COJIGH  nGpGXOAHHX  MGXaJIJIOB  (SHOrAa  B npHCyXCXBHH 
aJIKHJIOB  HJIH  aJIKHJiraJIOFGHHAOB  MGXaJIJIOB  G HGHOJIHHMH  /?“Op6H- 

xaMH),  xo  BBicoKaH  cxGp60cnGi].H$HHH0CTB  3XHX  pGaKii;HH  Morjia  6bi 
o6'bhchhxbgh  ahkjihhgckoh  cxpyKxypoH  nGpexoASoro  cogxohhhh; 

9x0  o603HaHaGX,  ^XO  3aMGIH;GHHG  XGXpa3AP0:M;GGKHX  aXOMOB  xpHro- 

naJiBHBiMH  bga^t  k pocxy  cxGnGHH,  liJianapHocxH;  sagcb  Moryx  yna- 
CXBOBaXB  XaKHG  H^G  3JIGM6HXBI,  KBKHG  yH^aGXByiOX  B CJiyHaG  HyKJIGO- 
(|)HJIBHOrO  npHGOGAHHGHHH  K AHKJIOrGKCGHHJIBHOMy  KaXHOHy  (g  XpG- 
Mfl  xpnroHajiBHBiMH  axoMaMH  C). 

I|,HKJIHHGCKHG  KOMHJIGKCBI  o6pa3yiOXGH,  HanpHMGp,  MG>KAy  MOJIG- 
KyJIOH  3XHJIGHa  H ABY^H  MOJIGKyjiaMH  aJIKHJiaJIIOMHHHH  [21]. 

CyiAGCTByGX  HHXGPGCHOG  GXOACTBO  MGJKAY  I],GHTpaJIBHBIM  3TanOM 
GXGpGOCHGAH^H^GCKOH  HOJIHMGpHSaAHH  H pGaKAHGH  npHGOGAHHGHHH 
XHna  1,2  HGKOTOpHX  MGXaJIJIOOpraHHHGCKHX  pGarGHXOB  no  MGGXy 
ABOHHOH  Kap60HHJIBH0H  HJIH  Kap60KCHJIBH0H  CBH3H  [22,  23]  C npO- 
CXpaHCXBGHHBIM  KOHXpOJIGM  aGHMMGXpHHGGKOH  HHAY^^™* 
npHGOGAHHGHHH  COGAHHGHHH  FpHHBHpa  UpGA^IOHCGHH  I^HKJIHHGCKHG 
MOAeJIH  (I),  [24]  — XaK  >KG,KaK  H AJIH  pGaK^HH  MGGpBaHHa  — 

noHAop(|)a  (II)  [25].  * . . 

Ho  BCGH  BGpOHXHOCXH  I3;HKJIHHGGKHG  GXpYKXypBI  HGpGXOAHOrO 
XHna  B03HHKaK)X  H npH  nOAHMepH3aH.HH.  BHCmnX  a-AHOJIG(J)HHOB 
[26],  AJIH  KOXOpBlX  06pa30BaHHG  BBGHBGB  B KOHGHHOM  HOJIHMGpG 
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npeflnojiaraeT  oflHOBpeMeHHOe  (hjih  nocJieAosaTeJibHoe  b tom  jko 
nepexoAHOM  coctohhhh)  Ha^H^ne  Asyx  abohhhx  CBHseH  b AeHxpe 
peaKAHH  (III),  a xaKJKe  npn  nojiHMopHBaAHH  AasaMemenHux  aAe- 
THJieHOB  (IV)  (281.  H COnpHHteHHHX  AHOJie((»HHOB  (III),  (V)  [391. 


fiCH5=CH— (CHj)4— CH=CH,  X 


R, 


— H— CHj 


CHj— CH  CH 


—An 

n 


KaTajiHsaxopH  Apyroro  rana  xaKjKe  Moryx  Shxb  npHCoeAHHenti 
c oSpaaoBanneM  neKOxopHX  D;HKJiHHecKHX  cxpyKxyp,  Haxoji;Hm;HXCfl 
B nepexo^HOM  cocxohhhh  [13].  JIhthh,  HMeiomnH  xeHfl;eH^HK)  k th- 
SpHflHsai^HH  opSnx  p h flonycKaex  oSpaaoBanHe  neKoxopHx  ko- 
OpflHHau;HOHHHX  KOMHJieKCOB,  B KOXOpUX  nepeCXaHOBKa  CBHSeH, 
no  Mepe  HaMeneHna  Koop^^nnax  peaKninn,  coaAaex  ycjiOBna  ajir 
npHCoeAHHenna  xHnal,4HeKoxopMx  aaenbeB  Anc-naonpena  (VI),  [27]. 


rioAoSHHe  MOAOJiH  Moryx  6brxb  npeAJiOBKenH  n ajih  okhchhx 
KaxaJiiiaaxopoB,  hmgioiahx  na  nOBepxnocxn  aKXHBHHe  AenxpH  — 
no  Been  BepoaxHoexH  axoMti  nepexoAHHx  MexajiJiOB,  cnocoSnHe 
oSpaaoBLiBaxb  KoopAHHan;HOHHHe  KoivinjieKCbi  (AHKJiHaecKiie).  Tojib- 
KO  B CBaan  c 3xhm  axanoM  mojkho  roBopnxb  o paAHKaJibHOM  hjih 
HOHHOM  MeXaHH3Me. 

20  Mej«^yHapoflHutt  CHMnoaayM,  ceKi^nn  2 3Q5 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


nocJie;^Hee  ycjiOBiie,  npHAaK)n],ee  CTepeoperyjinpHOGTb  nojin- 
Mepy,— 3T0  perenepai^HB  i];eHTpa  peaKi],HH  (HHTep(|)epeHii,iiH  c no- 
cjieflHHMH  BBeHbHMH  i],enH  nojiHMepaj  c o6pa30BaHHeM  KOMnjieKCOB 
c MOjienyjiaMH  nojiHpHoro  paCTBopHxejiH  h t.  a.)  b ycjiOBHHX,  no- 
3BOJiHH)nj,Hx  noBTopenne  pn^a  ochobhlix  aKTOB;  ot  cnoco6a  npoBe- 
AeHHH  peaKAHH  6yAeT  sasHceTB  cnoco6  npHCoeAnneHnn  hob  on  mo- 
JieKyjiH  K MOHOMepy  h,  cjieAOBaTeJibHO,  xapaKTepncTHKa  nojiHMepa: 
H30TaKTHneCKHH,  CHHAHOTaKTHneCKHH  II  T.  A* 

PaccMOTpenne  cymecTByioiAero  ao  HacTonmero  BpeMenii  Maxe- 
piiajia  npuBeno  nac  k aanjiionennio,  nxo  cxopeocneAH^nnecKan  no- 
JIHMepH3ai],HH  MOJKGX  npOHCXOAHXb  XOJIbKO  npH  o6iahocxh  BHine- 
yKasaHHbix  ycnOBnii;  nocneAOBaxeJibHOcxb:  npeABapHxeJibHan  opii- 
enxaAHH,  cxepeocnen,H(|)HHecKoe  npiicoeAHHeHne  — KOHxpojinpyeMoe 
BHAeJieHiie,  o6H3axejibHbi  o6pa30BaHHH  BBxaKxiinecKHx  nojiii- 
MepoB.5  II,eHxpajibHHH  3xan,  ochobhoh,  oSycjiOBJiHBaex  o6pa30Ba- 
HHO  cxepeocnen,H$iiHecKoro  coeAnneHnn.  Ho  Been  BopoaxHoexH,  oh 
npoxoKaex  c BOBHiiKHOBemieM  n,HKJTHaecKnx  cxpyKxyp.  IlyxeM 
H3yneHHH  poAcxBOHHbix,  6ojiee  npoexHX  peaKn,Hii,  mojkho  nojiyanxb 
CBeAGHHH,  BGAyni^iie  k 6ojiee  mySoKOMy  noHiiMaHHio  axoro  axana. 


CTepeocneaH(J)iiqecKaH  nojiHMepHaaniiH 


KOOpflllHH- 

pyeMaa 

peaKrtnefi 

axan 

OaHTopu 

d—dne 

ripeflBapHTejibHafl 

riOBepXHOCTB  (KpHCTajI- 

opneHTan;Hfl 

UHHecKaH,  arperaTHaH  n. 
T.  fl.) 

IloaiiMepHaH  aent 
KanajiBHUH  KOMnjieKc 
PaCTBOpHTejIb 

d^_^=dnc 

Crepe  0 c n eiiii^imec- 
Koe  npHcoeflime- 
HHe 

IlpOCTpaHCTBeHHMH 

KOHTpOJlb 

L(HKJiHHecKoe  cxpoeime 
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S u mm  a r 


At  present  a number  of  different  polymerization  reactions  is 
known  that  permit  approximately  the  identical  types  of  eutactic 
polymers  to  he  obtained.  This  has  found  experimental  confirma- 
tion for  a sufficient  number  of  monomers  (a  - olefines,  conjugated 
diolefines,  vinyl  esters  alkylene  oxides,  etc.)  to  lead  to  the  con- 
clusion that  stereoregularity  is  based  on  a single  or  a few  general 
acts. 

rile  mechanisms  proposed  for  the  formation  of  stereoregular 
polymers,  vi.  radical,  through  alhyltitanium  compounds  ^ 
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(Nenicesku),  semiconductor  surface  (Topchiev),  ot  ionic  (Natta, 
Eurkawa),  do  not  give  a sufficiently  general  soluction  of  the  pro- 
blem. 

Whereas  some  authors  do  not  take  into  account  the  ionic  cha- 
racter of  some  types  of  polymerization  reactions  and  the  possi- 
bility of  free  rotation  of  the  macroradical  around  the  C — C axis 
with  the  substituents  preserving  their  mutual,  others  neglect 
the  fact  that  radical  reactions  are  known,  leading  to  the  forma- 
tion of  stereospecific  units. 

Particularly  useful  is  a generalization  of  the  remarks  concer- 
ning the  steric  control  of  unsymmetric  induction  (Kram).  Stereo- 
specific polymerization,  or,  to  be  more  exact,  the  act  or  elementa- 
ry acts  leading  to  stereoregularity  the  molecules  formed,  should 
proceed  just  in  the  same  manner  as  other  stereospecific  reactions. 

The  authors  of  the  present  report  attempted  to  find  common 
elements  between  the  different  reaction  mechanism  leading  to  the 
form^itiori  of  eutactic  polymers. 


Resume 

On  connait,  a Theure  actuelle  divers  systemes  de  polymeri- 
sation qui  conduisent  approximativement  aux  memes  types  de 
polymeres  eutactiques. 

< Cette  constatation  est  aujourd'hui  basee  sur  Texperience  pour 
un  nombre  suffisant  de  monomeres  (a-olefines,  diolefines  conju- 
guees,  ethers,  vinyliques,  oxydes  d^alcoylene,  etc.)-  et  de  cataly- 
seurs  (composes  organometalliques  de  composition  variable, 
oxydes,  etc.)  afin  que  s’impose  la  conclusion  d’un  ou  de  plusieurs 
actes  communs  qui  impriment  la  stereoregularite. 

Jusqu’a  present,  on  a propose  des  mecanismes  allant  du  me- 
canisme  radicalaire  (soit  par  des  alcoyles  de  titane  (Nenitzesco) 
soit  par  des  surfaces  de  semi  conduct  eurs  (Topchiev),  jusqu’aux 
mecanismes  ioniques  (Natta,  Furukawa).  Ces  mecanismes  propo- 
sent  des  solutions  partielles,  insuffisamment  generates  pour  ex- 
pliquer  la  diversite  de  conditions  mentionnee  ci-dessus.  Alors 
que  les  premiers  mecanismes  ne  tiennent  pas  compte  du  caracte- 
re  ionique,  admis  par  plusieurs  auteurs  pour  certaines  polyme- 
risations, et  'de  la  possibilite  de  libre  rotation  autour  de  I'axe 
C — C pour  un  macroradical,  avec  disposition  statistique  des  sub- 
stituants,  les  autres  mecanismes  negligent  le  fait  qu’on  connait 
aujourd’hui  des  reactions  radicalaires  avec  des  elements  de  ste- 
r6ospecificite. -La  generalisation  des  observations  concernant  le 
controle  stMque  de  Tinduction  asymetrique  (Cram)  est  particu- 
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lierement  utile.  La  polymerisation  stereosp6cifique  ou  plus  preci- 
s6ment  I’acte  ou  les  actes  elementaires  qui  conferent  la  st4r4or6- 
gularit^  aux  molecules  resultantes,  doit  se  d^rouler  de  la  m§me 
maniere  que  d’autres  reactions  stereospecifiques. 

Selon  le  point  de  vue  expose  dans  ce  referat,  on  cherche  a trou-^ 
ver  les  elements  communs  aux  systemes  varies  de  reaction  condui-^ 
sant  aux  polymeres  eutactiques. 

En  premier  lieu,  pour  une  distance  entre  les  centres  de  reac- 
tion superieure  a celle  caracteristique  deEetat  de  transition,  est 
necessaire  une  predisposition  des  molecules  pour  un  couplage  st6- 
r^oregulier.  Cette  preorientation  peut  etre  effectuee  a I’aide  de 
divers  facteurs  comme  des  microsurfaces  ou  des  surfaces  cristal- 
lines,  comme  1 lieterogeneite  du  system e (parfois  la  polymerisa- 
tion se  deroule  stereospecifiquement  dans  de  «mauvais»  solvants 
pour  le  polymere  eutactique  forme),  comme  la  chaine  elle^me- 
me  deja  formee  du  polymere,  etc. 

L acte  proprement  dit  d’addition  stereoreguliere  du  monome- 
re  a la  chaine  doit  etre  une  reaction  stereospecifique  typique,  qui 
se  deroule  conformement  aux  lois  de  ce  type  de  reaction.  On  peut 
supposer  que  1 addition  a lieu  par  formation  de  complexes  pour 
lesquels  on  peut  formuler  des  structures  cycliques  a 5 ou  6 atomes. 
II  faut  que  Ton  puisse  verifier  sur  les  modeles  resp'ectifs  le  contro- 
le  sterique  et  que  1 on  y applique  des  elements  d 'analyse  confer- 
mationnelle. 

Enfin,  la  phase  finale  du  degagemeht  de  la  molecule  accrue  du 
centre  de  reaction  et  de  la  regeneration  de  ce  dernier  doit  avoir 
lieu  dans  des  conditions  controles  de  telle  sorte  que  Eaddition 
d’une  nouvelle  molecule  de  monomere  puisse  se  derouler  dans  la 
meme  sequence  d^actes  stereoreguliers. 

Conformement  aux  principes  ennoncfe  precedemment,  on  in- 
terprete  les  faits  experimentaux  existant  et  Ton  propose  des 
modeles  pour  Tobtention  de  polymeres  entactiques  dans  les 
systemes  varies  mentionnes. 
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DATA  TO  THE  REACTION  KINETICS 
OF  THE  ZIEGLER’S  CATALYSTS 

A.  Simon^G,  Ghymes 
(Hungary) 


The  purpose  of  our  work  on  the  Ziegler’s  polymerization  [1] 
was  to  investigate  the  forming  processes  and  composition  of  the 
catalysts  as  well  as  the  kinetics  of  the  polymerization  and  to  de- 
termine the  relation  between  them  [2 — 5], 

Here  we  want  to  present  our  investigations  in  connection 
with  the  reaction  and  polymerizing  effect  of  the  most  effective 
and  well  - known  catalyst  - group,  the  aluminium  triethyl 
[A1  (Et)3],  diethyl  aluminium-chloride  [Al(Et)2Cl]  and  monoethyl 
aluminium  dichloride  [AlEtCl2],  as  one  component  and  titanium 
tetrachloride  as  the  other  component.  These  reactions  have  been 
investigated  by  many  authors  and  their  mechanism  is  subject  to 
many  discussions  all  over  the  world  [6—17].  Our  investigations 
may  be  justified  by  the  assumption  that  the  discrepancies  bet- 
ween these  three  variations  may  give  some  indication  with  re- 
gard to  the  essential  character  of  the  reactions. 

Experimental  part 

Polymerization  with  catalysts  prepared  with  A1  (Et)3, 
AlEt2Cl  and  AlEtCl2,  respectively 

In  order  to  secure  isothermal  conditions  a film-reactor  was 
used  in  our  investigations  on  the  polymerization  [5],  Measurements 
of  the  total  rate  of  the  polymerization  were  carried  out  with  the 
dynamical  method.  At  the  investigation  of  the  reaction  rate  re- 
markable differences  appeared  in  the  effect  of  the  catalyst  complex 
prepared  of  this  three  kinds  of  aluminium  alkyl,  especially  at  the 
determination  of  the  effect  of  the  molecular  ratio  of  the  catalyst 
components.  With  the  catalysts  AlEts  — TiCU  the  total  rate  of 
the  polymerization  decreases  to  the  value  Al/Ti  = 2,8  when  the 
mole  ratio  is  increased,  no  change  can,  however,  be  observed  with 
mole  ratios  higher  than  2,8  (Fig.  1).  With  mole  ratios  of  Al/Ti 
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liiglier  than  one.,  .a  small  inflexion  occurs  at  the  initial  section  of 
the  curve  which  increases  when  the  mole  ratio  rises. 

With  'Catalysts  prepared  with  AlEt2Cl  — TiCU  the  effect 
of  the  change  in  the  mole  ratio  was  found  to  have  an  another  cha- 
rakter  ilFig.  21.  With  a mole  ratio  smaller  than  1 an  insignificant 


Mole  ratio  Al/Ti : -j — 0,7,  O — 1 .0,  a — 1 ,4,  • —2,8  v — 4,0 

Sind  very  slow  polymerization  takes  place.  With  Al/Ti  = 1 in  the 
rate  of  the  polymerization  a sudden  increase  is  observable  relati' 
ve  to  that  before,  though  the  sharp  break  in  the  initial  section  of 
tthe  curve  refers  to  an  induction  period.  With  the  further  increase 
of  the  mole  ratio  a rise  in  the  polymerization  rate  appears  and  the 
induction  period  (inflexion  of  the  curve)  disappears.  With  the  mole 
ratio  2,8  a maximum  is  shown  in  the  polymerization  rate,  above 
'this  ratio  it  decreases  a little. 

The  catalyst  AlEtCh  — TiCU  polymerizes  ethylene  too,  since, 
liowever,  only  a very  slow  polymerization  takes  place,  the  above 
method  can  not  be  employed  for  exact  measurements  of  the  discre- 
pancies. 

The  aging  time  of  the  catalyst,—  i.  e.  the  time  which  passes 
^fter  the  components  had  been  mixed  and  the  polymerization  be- 
gan — does  not  exert  any  perceptible  effect  on  the  rate  of 
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polymerization  with  catalysts  prepared  with  AlEts.  However,  a co- 
nsiderable influence  could  be  observed  with  catalysts  prepared  witk 
AlEtaCl  and  a still  higher  one  in  case  of  AlEtCE,  thus  the  forming 
process  of  the  catalyst  slows  down,  when  the  chlorine  contents  ojf: 
the  metal  alkyl  components  is  increased.  At  the  polymerization 
with  the  catalyst  AlEt2Cl  — TiCh  with  the  mole  ratio  Al/Ti  = 1 
a sharp  break  is  still  observable  after  an  aging  time  of  two  minu- 
tes; by  augmenting  the  aging  time  this  break  disappears  and  also 
a considerable  increase  in  the  polymerization  rate  occurs  (Fig.  3)., 
With  the  catalyst  AlEtCh  — TiCk  the  polymerization  took  pla- 
ce only  after  an  aging  time  of  two  hours,  and  even  after  an  aging 
time  of  23  hours,  no  process  rate  measurable  by  dynamical  methods 
could  be  obtained,  although  the  amount  of  the  end  products  had 
increased. 

Investigations  of  catalysts  prepared  with  AlEtg,  AlEtgCl 
and  AlEtCl2j  respectively 

The  results  of  our  investigations  on  polymerization  indicate* 
that,  dependent  on  the  aluminium  alkyl  applied,  a considerable 
discrepancy  between  the  composition  and  the  structure  of  catalysts 


Fig.  4.  Composition  of  the  solid  precipitate  obtained  from  AlEta — 
TiCh  as  a function  of  the  mole  ratio  given  in  molar  %. 

O --  Cl,  • - Al,  X — Ti,  + Et 


prepared  with  aluminium  triethyl  and  aluminium  ethyl  chlorides, 
respectively,  must  occur.  Our  former  works  [3,  4]  deal  with  the* 
composition  of  the  solid  precipitate  obtained  from  AlEts  — TiCk. 
and  its  forming  processes.  At  the  determination  of  the  composi- 
tion of  catalysts  obtained  with  AlEt2Cl,  respectively  AlEtCk. 
and  TiCk  the  same  methods  had  been  applied  as  with  the  former 
type  of  catalyst,  with  the  difference,  that  the  mixture  was  allowed 
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tto  stand  24  hours  after  the  components  AlEtCh  — TiCh  had  been 
mixed. 

Depending  on  the  mole  ratio  the  composition  of  the  catalyst 
prepared  with  AlEta  TiCU  proved  to  be  altered,  and  became 
only  stable  above  the  mole  ratio  of  3,0  (Fig.  4). 


Fig.  5.  Composition  of  the  solid  precipitate  obtai- 
ned from  AlEtaCl  — TiCU  as  a function  of  the 
mole  ratio  given  in  molar  % , 

o — Cl,  • Al,  X — Ti,  -F  Et 

The  composition  of  the  solid  precipitate  obtained  from  the  com- 
ponents AlEt2Cl  — TiCh  is  stable  in  the  interval  of  the  mole  ra- 
tio 0,3— 4,1  of  Al/Ti  and  its  total  formula  has  been  found  to  be 
Al2Ti5Cli9Et2  (Fig.  5). 

The  composition  of  the  catalyst  obtained  with  the  reaction  of 
AlEtCD  — TiCk  was  found  to  be  stable  as  the  equimolar  addition 
of  the  components  and  also  independent  of  the  initial  mole  ratio  of 
trie  components  (Fig.  6). 

When  the  components  of  the  catalyst  are  mixed,  not  only  a so- 
lid precipitate  is  obtained  but  also  gas  is  developed.  In  our  former 
work  [3,  4]  the  gas  developing  process. has  been  treated  in  case 
of  AlEt3.  At  the  catalyst  formation  with  both  the  AlEt2Cl  and 
AlEtCk,  the  amount  of  the  developed  gas  increases  within  the  mole 
ratio  0—1  and  becomes  stable  at  mole  ratios  higher  than  1 (Fig.  7). 
As  it  is  well  known,  the  gas  development  accurs  from  the  dispro- 
portionation of  the  ethyl  radical  relieved  at  the  reduction  of  the 
ttitanium  halide: 

2C2H5-^  G2H4+G2H6 
344 
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The  greater  part  of  the  formed  ethylene  polymerizes  imme- 
diately, in  this  way  the  double  amount  *of  the  gas  experimentally 
determined  is  corresponding  to  the  ethyl  radicals  formed  in  the 
jprimary  reaction. 


wolarjo 


'T’ig.  6.  Composition  of  the  solid  precipitate  obtained  from  AlEtCh—  TiCl 
as  a function  of  the  mole  ratio  given  in  molar  % . 

O — Cl,  • Al,  X — Ti,  4-Et. 


According  to  Fig.  7.  with  the  mole  ratio  AlEt2Cl/TiCl4  ==  1 
'the  obtained  gas  proved  to  be  0,5  mole/mole  TiCU,  the  total  pro- 
vcess  may  thus  be  given  as  the  ratio  of  1 mole  Et/mole  TiCU: 

5AlEt2Cl  -j-  STiCU  —*■  A]2Ti5Cli9Et2  -{-  3AlEtCl2  “F  5Et* 

‘The  equation  satisfies  the  experimental  data.  In  the  case  of  AlEt2Cl, 
if  the  mole  ratio  is  different  from  one,  one  of  the  component 
is  present  in  excess. 

At  the  complex  formation  of  AlEtCU  — TiCU  with  Al/Ti  = 1 
‘the  measured  amount  of  the  gas  was  found  to  be  0,37  mole  gas/mo- 
le TiCU.  In  the  same  way  as  before  we  may  calculate  with  the  ra- 
<tio  0,74  mole  Et/mole  TiCU: 

4AlEtCl2  + 4TiC]4  AlTiCleEt  • SAlTido  + 3Ef 

The  valency  state  of  the  titanium  in  the  precipitate  of  the 
complex  is  corresponding  to  the  values  obtained  in  former  mea- 
surements of  reductions  [2,  3],  according  to  which  with  AlEt2Cl 
the  total  amount  of  the  titanium  is  reduced  to  Ti^+.  This  is  the 
case  with  AlEtCU  too,  where,  corresponding  to  the  development 
•of  gas,  80%  of  Ti^+  are  obtained. 
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Natta  and  his  coworkers  [18]  give  a description  of  catalystl 
with  a composition  simil^ir  to  that  obtained  in  the  reaction  of 
AlEtCh  — TiCU  which  they  gained  in  the  presence  of;  AICI3  and 
CeHe  from  .metal  A1  and  TiCk.  Not  only  the  composition  but  al- 
so the  polymerizing  properties  of  this  compound  were  similar  tcx 
that  mentioned  above. 


Mgos 

MTiCl4 


Fig.  7.  Amount  of  gas  formed  when  AiEt2Cl  — 

TiCU,  and  AlEtCh  — TiCU,  respectively, 
are  mixed,  given  in  molar  % referred  to  the 

component^TiCU- 

Discussion  of  experimental  results 

A comparison  of  the  catalysts  prepared  with  three  kinds  of  alu-^ 
minium  alkyl  shows  a considerable  discrepancy  between  the  cata- 
lysts obtained  with  tri ethyl  aluminium  and  diethyl  aluminium 
chloride,  and  monoethyl  aluminium  dichloride,  respectively. 

When  the  catalysts  are  prepared  from  AlEta  — TiGU  all  mole 
ratios  in  the  value  range  of  0,7— 3,0  are  corresponding  to  other 
complex  structures.  With  regard  to  stability  and  activity  these 
complex  structures  show  a transition  between  each  other..  On  the 
basis  of  analytical  and  kinetical  measurements  the  following  struc- 
tures ' may  be  attributed  to  the  catalyst  complexes  as  a function 
of  the  mole  ratio  Al/Ti  [51  (p.  317). 

At  the  descussion  of  the  two  border  cases  it  becomes  obvious 
that,  according  to  the  mole  ratio  3,0,  the  complex  (1);  contains  the 
regular  ionic  bond  of  the  aluminium  alkyl  anion  and  the  chlorine 
titanium  cation  which,  being  built  into  the  crystal  lattice  of  TiCk 
also  is  preparable  as  a stable  compound  in  solid  state  [19].  The 
activity  of  the  complex  was  found  to  be  relatively  small,  since  the- 
monomer  being  less  polarized  by  the  ionic  association. 
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Mole  ratio  Total  formula 
Al/Ti 


3,0  AlTijCljR, 


2,5  AlTijCl^Rj 


2,0  AlTijCljRa 


.1,0  AlT^CluRj 


Tlie  other  border  case  of  the  column  is  complex  (IV)  in  which 
on  the  places  of  the  relative  electron  densification  of  the  Cl  Atoms 
-the  cation  (A1R2)+  is  bound  to  the  crystal  lattice  of  the  TiCh  by 
a labile  bond.  This  loosely  bound  (A1R2)+  ion  results  a considerab- 
le activity  in  solutions. 

The  catalysts  AlEt2Cl  — TiCk  and  probably  also  AlEtCk  — 
TiCU  — contrary  to  the  catalyst  AlEts  — TiCk.—  cause  an  in- 
crease in  the  polymerization  rate  with  growing  mole  ratio  Al/Ti. 
Since  the  growing  mole  ratio  of  Al/Ti  causes  the  amount  of  the 
free  metal  alkyl  in  both  cases  to  rise,  the  increase  of  the  rate  may 
be  attributed  to  two  effects:  on  the  one  hand,  by  the  excess  of  the 
present  metal  alkyl  the  formation  of  the  catalyst  is  accelerated 
and  causes  the  same  effect  as  a catalyst  with  longer  aging  time; 
on  the  other  hand,  by  the  reaction  of  the  metal  alkyl  cpmpounds 
being  present  in  excess  in  the  solution  and  the  monomer,  the  chain 
growth  is  promoted. 
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ABTope<})epaT 

I^ejiLK)  Hauieii  paSoTW  6mjio  HsyneHne  npoiiecca' o6pa30BaHHH^. 
cocxaBa  KaTajiHsaxopa  h kheothkh  nojiHMepH3aii,HH  no  L^nrjiepy,., 
a TaKjKe  BtiHBJieHHe  saBncHMOCTii  hhmh. 

ripn  HsyueHHH  CKopocTn  peaKD,HH  Ha6jiK)Aajioci>  Gojibhiog  pas- 
jiHune  Me>Kfly  /i,ByMH  Bn^aMH  KaTajiHTHEecKHx  komejigrcob,  nojiy— 
EGHHBix  H3  A1(C2H5)3  HJiH  Al(C2H5)2Cl  c TiCU,  oco6ghho  npn  HCCJie- 
AOBaimn  bjihhhhh  MOJinpnoro  cooTHoniGHim  KOMnoHGHTOB  Kaxajin- 
saxopa.  yBGJIBHGHHG  MOJiapHOXO  COOXHOniGHKH  yMGHtmaGX  CKOpOCXB- 
noJiHMGpnaaiiHH  ^jih  KaxaJinaaxopa  A1(C2H5)3  — TiCk  h-  yBGJiH- 
uHBaex  GG  KaxaJiHsaxopa  A1(C2H5)2C1  — TiCk. 

IlpoiiGcc  o6pa30BaHHH  KaxajiHsaxopa,  nojiyaemioro  na 

A1(C2H5)2C1,  anaHnXGJIBHO  MGjUJIGHHGG,  UGM  B CJiyuaG  A1(C2H5)3... 

Ecjin  KaxaJiHsaxop  nojiyaen  h3  AH3THJiaJiiOMHHHiixjiopHfla,  xo  o6iu,aH 
CKopocxfc  noJiHMGpnsaitnn  noKaswBaex  sHaunxeJibHyK)  3aBHCHMOcxi>. 
ox  BpeMGHH  xpaHGHHH  KaxajiH3axopa,  XO  Gcxb  ox  BpGMGHH,  nponiG^i,-' 
mero  c MOMcaxa  CMemenna  KOMnoiieiixoB  30  Haaajia  noJinMcpnaa- 
Ilpn  HcnojiBsoBaHnn  Kaxajinsaxopa  A1(C2H5)3  TiCk  Haii- 

AGHO,  MXO  BpGMH  xpaHGHHH  HG  HXpaGX  xaKOH  60JIBIIIOH  pOJIH. 

CocxaB  KaxajiHsaxopa,  oSpasyionterocH  c A1(C2H5)3,  mghhgxch 

B SaBHCHMOCXH  OX  MOJinpHOXO  COOXHOniGHHH  KOMHOHGHXOB  H CxaHO- 

BHXCH  cxaSnjiBHBiM  jinniB  npn  MOJiapnoM  cooxhoiughhh  bhiug  3. 

CocxaB- xBGpfloro oca AKa,  no jiyuGHHoro  ns  A1(C2H5)2C1  — TiCk,. 
nOCXOHHGH  B HHXGpBaJIG  MOJIHpHBIX  COOXHOIUGHHH  0,3  — 1,1  AM 
Al/Ti  H Gro  o6ni,aH  (J)opMyjia  Al2Ti5Cli9(C2H5)2. 

B npoxHBonoJioHmocxB  j KaxajiHsaxopy,  noJiyuGHiiOMy  c- 
A1(C2H5)3  ero  cocxaB  moh^gx  6bixb  onncaH  c homoiabk)  npocxoro 
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ypaBHCHHH  cjieflyK)iu,iiM  o6pa30M:  • 

5A1  (C2H5)j!C1  + STiCU-^  AljTisClio  (CaHa)^^-  3AJ.CC2Wa)'.Cl2+  SCaHa-. 

CnpaBeAJiHBOCTB  aioro  ypaBHeHHH  noflTBepjKAaeTCH  cooTBor- 
CTBHeM  KOJiHHecTBa  o6pa30BaBmerocH  ra3a  co  CTexHOMeTpanecKHM 
KOJiH^ecTBOM  o6pa3yioui;HxcH  arajibiiLix  paAHKajioB,.  a xaKffie  kojih- 
necTBOM  BOCCTaHOBJieHHoro  THTaHa.  ^OKasaxeaBCTBOM  BEJiaeTca 
TO,  HTO  npn  npHMGHeHHH  KaTajiHsaTopa  A1(C2H5)2C1  — TiCU 
peaKB,HH  npOHCXOflHT  TOJILKO  npH  3KBHMOJieKyjLHpHbIX  COOTHOlUe' 
HHHX  KOMnOHGHTOB. 

CocxaB  TBepflOH  ^asbi  KaTajiHaaxopa  A1(C2H6)3  — TiCk  aaiiii- 
CHT  OT  Toro,  KaK  npnGaBJiHJiH  MexajiJioopraHHaecKHBL  KOMnoHeax 
BO  BpoMH  o6pa30BaHHH  KaTajiHsaxopa  — cpaay  mm  no  aacxHM.. 
B GooTBeTCTBHa  c 3TaM  iiaMeaeaHe  cocxaBa  KaxaimaaTopa,,  nojiy- 
aeaaoro  as  A1(C2H6)3,  Kan  (J)yHKi^HH  Mojiapaoro  cooTHouieaaa 
Al/Ti  ae  HBjraeTca  pesyjibxaTOM  paBaoBecaoa  peaKa,HH.. 

Lcjia  KaTajiasaxop  oSpasyexcH  as  A1(C2H5)3  a TiCB,,  to  Ka>KAoe 
MOJiapaoe  cooxaoniGHaG  b npc^cjiax  0,7 — 3 cooxBGxcxByGT  ^pyroMy 
cocxaBy  a,,  tgm  caMbiM,  aaoii  cxpyKxypG  KOMHJieKca.  M6>K;a,y  co- 
6oa  3Ta  KOMnjiGKcabie  cxpyKxypbi  oSpasyiox  iiepexoji,BLiG  cocxoa- 
aaa,  oxjiaaabie  Kan  ao  ycxoaaaBocxa,  xaK  a no  aKTHBaocxa.  Ha 
ocaoBaaaa  KHaGxaaecKax  a aaajiaxaaGCKax  aaMopGana,.  aan  (|)yaK- 
h;hh  MOJiapabix  cooxaoniGaaa  Al/Ti  npGji,Jio>Keabi  cjie^yioniiHG  cxpyK- 
xypbi  KOMnjiGKCOB  KaxajiasaTopa: 


Mo;i!ipHoe 

COOTHOUieHHe 

06iuaji 

(j)OpMy;ia 

3,0 

AlTi2Cl3^(C2H5)4 

2,5 

AlTijCUtesHsla 

2,0 

AlTi2Clg(C2H5)2 

l,0 

AlTi4Cli2(C2H5)2 

CrpyKTypa 


R 

(R:Aj!R) 
R 

8(+)  RJ(-) 

:Cl!fi  = C|!  Al! 

R_  J 

*9.*’  8(+) 


• TiClo 


TiClo 


;j:Cl:  A1:R 
•Cl:  “ R 


TiClo 


a(-)  + a(’) 

(TiCl3)2AlR2(TiCl3) 


(i)i 

•('ID' 

(III) 

(IV) . 


]3  KOMnjiGKcax  I IV  CMjia  cbhbh  MOKfly  MacxiipaMir  c paaHHMii 
sapaflaMH  noKasbiBaex  nepGxo^  as  ycxoanaaoH  aoaaoa  CBHsa  b no- 
flBHH^HyK)  CGManojiapayK)  CBH3b.  HaH7i,eHO,  axo  pasaai^a  b 3toh  chjio 
CBH3H  a asMepeanoH  CKopocxa  nojiaMepa3aa,aH  xoponio  coBna^aiox. 
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• Res  umfe 

Le  but  de  notre  travail  consistait  a I’etude  du  processus  de 
lormation,  de  la  composition  des  catalyseu'rs  et  de  la  cin4tique 
4e  polymerisation  selon  Ziegler  de  meme  que  la  revelation  de  la 
relation  entre  eux. 

Au  cours  de  I’etude  de  la  vitesse  de  reaction  on  observait  une 
grande  difference  entre  deux  especes  des  complexes  catalytiques, 
obtenus  a partir  d’Al(C2H5)3  on  A1(C2H2)2C1  avec  TiCU  surtout 
a I’etude  de  I’influence  de  rapport  molaire  des  constituents  de  ca- 
talyseur.  L’accroissement  du  rapport  molaire  diminue  la  vitesse 
■de  polymerisation  pour  le  catalyseur  A1(C2H5)3  — TiCk  et  I’aug- 
mente  pour  le  catalyseur  A1(C2H5)2G1  — TiCk. 

Le  processus  de  formation  du  catalyseur  obtenu  a partir 
A1(C2H5)2C1  est  beaucoup  plus  lent  que  dans  le  cas  d’Al(C2H5)3, 
Si  le  catalyseur  est  obtenu,  a partir  d’Al(C2H5)2Cl,  la  vitesse  gend- 
rale  de  polymerisation  montre  une  dependence  sensible  par  rap- 
port au  temps  du  stockage  de  catalyseur  c’est-a-dire  par  rapport 
au  temps  depuis  le  moment  du  melange  des  constituents  avant  le 
•debut  de  polymerisation.  Pour  le  catalyseur  A1(C2H5)3  — TiCk 
on  trouve  que  la  dure  de  conservation  ne  joue  pas  de  role  si  impor- 

tant.  tt  \ • 

La  composition  de  catalyseur,  forme  avec  le  A1(C2H5)3  varie 
suivant  le  rapport  molaire  des  constituents  et  devient  stable 
seulement  au  rapport  molaire  superieur  a 3. 

La  composition  d’un  residu  solide  obtenu  du  A1(C2H5)2C1  — 
TiCk  est  const'ante  entre  les  relations  molaires  0,3— 1,1  pour 
Al/Ti  et  sa  formule  generale  Al2Ti5Ci»{C2H6)2. 

Par  centre  avec  le  catalyseur  obtenu  pour  A1(C2H5)3  sa  compo- 
sition pent  etre  decrite  a I’aide  d’une. simple  equation  d une  ma- 
niere  suivante. 

SAlfCzHskCl  + STiCk  -*•  Al2Ti6CIi»(C2H5)2  + 3Al(C2H5)Cl2  + SCaH* 

La  justice  de  cette  equation  est  confirmee  par  la  corresponden- 
ce d’une  quantite  de  gaz  forme  a une  quantite  stecbiometrique 
de  radicaux  ethyliques  qui  se  ferment  aussi  due  par  une  quantite 
de  titane  reduit.  La  preuve  en  est  le  fait  qu’avec  le  catalyseur 
A1(C2H5)3  — TiCk  la  reaction  ne  s’effectue  que  dans  le  cas  oil 
des  rapports  des  constituants  sent  equimoleculaires. 

La  composition  de  phase  solide  du  catalyseur  A1(C2H5)3 
TiCk  depend  du  fait,  si  I’on  ajoutait  le  constituant  organome- 
tallique,  pendant  la  formation  du  catalyseur,  a la  fois  ou  en  par- 
ties. Conformement  a cela  le  changement  de  la  composition  de  ca- 
talyseur, obtenu  a partir  du  A1(C2H5)3  comine  fonction  du  rap- 
port molaire  Al/Ti,  n’est  pas  le  resultat  de  reaction  d’equilibre. 

Si  le  catalyseur  se  forme  du  A1(C2H5)3  et  TiCk,  chaque  rap- 
port molaire  en  limites  0,7 — 3 correspond  a une  autre  composi- 
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tion  et  ainsi  a une  autre  structure  de  complexe.  Ges  structures 
complexes  forment  entre  elles-memes  des  etats  de  transfert  qui 
se  distinguent  par  leur  stabilito  ainsi  que  par  leur  reactivitd. 
Sur  la  base  des  mesures  cinetiques  et  analytiques  comme  foiic- 
tions  des  rapports  molairesAl/Ti  ont  ete  propose  les  structures  sui- 
vantes  de  catalyseur  complexe: 


Rapport 

Formule 

molaire 

generale 

3,0 

AlTijClalCjH,), 

2,5 

AITijCbfCjHslj 

2,0 

AlTijClglCjHs), 

1.0 

AITi4Cl,2(CjH5)j 

Structure 


(•a-Tif'  (R:Al:R) 


R 


TiClo 


5(+)  Rfit  )| 
= Clifi!CI:Al! 

R 


TiCl, 


(1) 

(II) 


.Ti:Cl:Al:R 

• TiCl; 

tCl:  R 

’■  i(-)  + 

J(-)  1 

(TiClj)5AlRj(TiCl3) 


(111) 

(IV) 


Dans  les  complexes  I — IV  la  force  de  liaison  les  particles 
portant  diverses  charges  montre  le  transfert  d’une  liaison  ionique 
stable  en  liaison  semipolaire  mobile.  On  trouve  que  le  differen- 
ces entre  cette  force  de  liaison  et  une  vitesse  de  polymerisation 
mesuree  coincident  bien. 


9 


21  MemnyHaponHufi  cnunosHyM,  ceKunn  2 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


KHHETHKA  HA  rETEPOrEHHOM 
KATAJIH3ATOPE  nOJlHMEPH3Al],HH 
H30ByTHJIEHA 

O.  B u com  e p M.  Mapen,  H*  T p eno  e a ^ 

(HexocJioBaKHH) 


Mbi  npHBeAeM  oSsop  pesyjiBTaxoB,  noJiyneHHHX  npn  Hay^eHHii 
KHHeTHKH  H3OTepMHHeCK0H  nOJIHMepH3ail,HH  H3o6yTHJieHa  B pac- 
TBope  B reKcane,  npa  HCnoJiL30BaHHH  CHCxeMBi  HepacTBopHMBix 
KaTaJiHsaxopoB,  onHcaHHOH  panBine  [1],  ^ 

XapaKxepHCTHKa  KaxajiHsaTopa 

HepaCTBOpHMBIH  KOMHJieKC  aJIKOrOJiHTa  Al,  HaCBIIIl,eHHBIM  BF3, 
mojkho  xpaHHTB  6e3  ^ocTyna  BJiarn  npii  KOMnaTHOn  xeMnepaxype 
B TeneHHe  necKOJiBKHx  neAeJiB,  npH^eivi  aKTHBHOCTB  KaxajiHsaTopa, 
oSpasyiomerocH  npn  npH6aBJieHHn  TiCU,  ne  MennexcH.  OAnaKo 
nocjie  npHGaBJieHHflTiCU  Kaxajinaaxop,  xpanHBniHHCH  npn  xeMne- 
paxype  okojio  20°,  xenneex  h b xe^enne  5 Aneii  noJiHOCXbio  xepnex 
aKXHBHOCXb.  B npe^ejiax  norpemnocxen  onBixa,  KoxopBie  npn  onpe- 
AOJieHHH  HanaJIBHBIX  CKOpOCXeilH  MOJieKyjIHpHBIX  BeCOB  KOJieSjIIOXCH 
B npeAeJiax  +5%,  aKXHBHOcxB  CBeJKenpnroxoBJieHHoro  KaxajiH- 
aaxopa  ocxaBajiacB  nocxoHHHon  b xe^enHe  npH6jiH3HxejibHO  oahoh 
HGAeJiH  npH  xpaneHHH  npn  0°,  h xojibko  no  npoinecxBHH  6oJiee 
AJiHxeJiBHOro  cpoKa  mohcho  6bijio  naSaioAaxb  CHn^Kenne  bkxhb- 

HOCXH. 

BjIMHHHe  COOTHOmeHHH  COCXaBHblX  uaCTCH 

KaTajiHsaxopa  (Al : Ti) 

3aBHCHMocxb  nanajiBHOH  cKopocxn  noJiHMepnaaAHH  ox  coox- 
HomeHHH  MejKAy  TiCU  h nepacxBopnMBiM  Al-KOMnjieKCOM  H3o6pa- 
Htena  na  pnc.  1.  Hbjiom  KpnBon  oxBenaex  KpnxiinecKOMy  MOJinp- 
HOMy  oxHomeHHK)  Ti  : Al,  Koxopoe  cocxaBJinex  0,25.  Ilpn 
oxHomeHHH  Ti  : Al,  paBHOM  0,25,  CKopocxB  noJiHMepH3aii;HH  npo- 
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^op^HOHaJIbHa  KOH^eHTpa^HH  [Ti]  npn  [Al]  = const,  h mo>kho 
nncaTL: 

/?p  = /c  [Ti]  [Al]  — const. 

Ecjih  MOJiflpHoe  OTHornenne  Ti  : Al>0,25,  to  c noBbimenHeM  koh- 
n,eHTpan,HH  TiCU  npn  hoctoahhoh  KOHii;eHTpan;HH  Al  cKopocTt 
noJiHMepH3an.HH  jme  ne  noBunraeTCH.  Ilpn  oflHnaKOBOM  cocTase 
KaxajiHsaTopa  HanajiLHaa  CKopocTb  noJinMepH3an;HH  npano  npo- 
nopu,iiOHajibHa  ero  KOJinnecTsy  [1].  Mojkho  npeji;noJiaraTb,  axo 


Pile.  1.  BjiHflHHe  [TiCU]  Ha  CKopocxb  noJiHMe- 
pHSanHH  npH  nOCTOHHHOM  KOJIHHeCTBe  Al. 

[mIo  = 10%,  [Al]  = 3,2 MOJib/ji,  T = 0®  C 


npn  oxHomeHHH  Ti  : Al>0,25  CKopocxb  6yfl;ex  npHMo  nponop- 
miOHajibna  KOJinaecxBy  npH^anHoro  Al  6e3  ynexa  o6in,ero  co^^ep- 

rnsmuH  TiCU. 

Tox  ^aKx,  nxo  CKopocxb  nojinMepnaan^nii  nponopr^HonajibHa 
K0Hii;6Hxpan,HH  Kaxajinaaxopa,  a MOJieKyjiapHtiH  sec  ocxaexca 
nocTOHHHLiM,  yKasLiBaeT  jinmB  na  to,  axo  npn  paanoH  KOHE[eHxpa- 
n;HH  KHTajinaaTopa  noBCAenne  OTACJibHHx  bkthbhhx  r^cHTpoB 
He  HSMenaeTCH  h nxo  b peaKn,HH  HenocpefliCTBCHHO  He  ynacxByioT 
cocxasHbie  nacTH  KaxajinaaTopa,  pacxBopHMbie  b yrJieBOAopoAHoii 
(|)a3e,  B ocoSeHHOCxH  TiCk. 

Hxo6bi  BHHCHHTB,  -HBJiHexcH  jiH  aKTHBai^HH  KaTajiHsaxopa 
xjiopHcxBiM  xHxaHOM  MrHOBeHHOH  peaKnjHeH,  SbiJiH  npoBeACHbi 
onHXM,  npH  Koxopux  MBi  cpaBHHBajiH  HanajibHBie  CKopocxH  no  JIH- 
MepH3an.HH  H3o6yxHJieHa  n MOJienyjiHpHHe  Beca  b OAHnaKOBwx 
ycjiOBHHx,  npiineM  HSMenajiH  jihihb  nocjie^OBaxeabHocxB,  b ko- 
xopoH  bboahjih  oxfleabHbxe  KOMnoHenxH  peaKi^Hn: 

1)  npn6aBaeHH  npeABapHxeabHO  CMemaHHue  Al-KOMnaeKC 
H TiCk,  KOxopBie  nepe^o;  3thm  BBiflepa^HBajiH  24  aaca  npn  0°. 

2)  Cnaaaaa  npHSaBaen  k pacxBopy  MOHOMepa  ofl.HH  Al-KOMnaenc, 
a nojiHMepH3aii;Ha  naaaxa  noxoM  nocjie  BBeji;eHHa  TiCU. 
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>;  J 3)  CHanajia  k peaKi],HOHHOH  CMecH  ,npH6aBJieH  TiCU,  npH'ieM 
noJiHMepHsai^HH  npaKTH^ecKH  ne  Ha6jiioflajiocb  n ona  nananacb 
TOJibKO  nocjie  npuSaBnepHS  Al-KOMnneKca. 

Ha  OCHOBaHHH  IipH6jIH3HTeJIbH'0  OPHHaKOBBIX  HaHaJIbllBIX  CKO- 
ppcTefi  noJiHMepnaapHH  bo  Bcex  Tpex  cjiyqaHX  mohcho  cAeJiaxb 
BHBOA,  'ITO,  ycTanoBJieHHe  paBHOBecHa  MejKAY  Al-KOMnAeKCOM 
H TiGU  AOHJKHO  npoHCXoAHTb  snapHTejibHO  SucTpee,  hom  hhh- 
ipppoBakHe  H npaKTH'iecKH  oho  ycTaHaBJiHBaeTca  MrHOseHHO 
liiilcijie  CMeineHHH.  BecbMa  BepoflXHO,  hto  h MOJieKyJiapHHH  Bee 
TaK5Ke  He  saBucHT  ot  nopHAi^^-  npH6aBJieHHH  KOMnoHeHTOB  Ka- 
TajiHsaxopa. 

BjiHnHHe  TeMnepaTypbi  , , 

BJiHHHHe  xeMnepaxypH  na  CKopocTb  nojiHMepHaapHH  noKaaano 
Ha  pHC.  2.  C HOHHJKeHHeM  TeMnepaxypH  CKopocxb  noHHMepHsapHH 
naAaex.  06iD,aH  aneprHH  aKXHBapHH,  HaMepennaH  b HHxepBaJie 


"K 


' j Phc . 2 ; r; B jiHflHHe  TeMnep aTypH 
. ,Ha,  cKoppCTb  nojiHMepH3ari;HH. 

10%,  . [All  =-  3,2-10-3  MOJib/A, 

'Tr:ci4=.^o,5,, 


Phc.  3.  SaBHCHMOCTb  MOJieKyjiapHoro 
Bee  a OT  TeMnepaxypH  npH  pa3HH 
KOHI^eHTpai^HflX  MOHOMepa. 

[Al]  = 3 2-10-*  MOAb/At'Ti  : Cl  — 0,5. 


feMiiBpaTyp  OT  0 ao  ^ — 30°,  oTBo^aGT  7,0  kkcuiImom,  SaBHCHMOCTt 
MOTOKyjiBpHoro  Bec£i  OT  xeMnepaTypH  npn  paanux  KOHii;eHTpaii,Hflx 
Mbfioi^ejja^noKaaaH'a-Ha  pHc.  3;  mohcho  aaMexHTB,  hto  MOJieKyjiap- 
HMH  Bee'  pacTCT  c 'noHHHceHHeM  TeMnepaxypH. 

..  "iO  ^ 
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BaHflHHe  BaaH^HocTH 

BjiHHHHe  BJiajKHOCTH  na  CKopocTB  noaHMepH3ai;HH  ii  MOJieKy-. 
JiapHHH  Bee  noay^GHHOro  noanMepa  Stiao  HsyneHO  nyxeM  npnSaB- 
aeHHH  paaaniiHHX  KoanaecTB  HacumenHoro  boaoh  reKcana  k pac- 
TBopy  H3o6yTHaeHa.  C noBHmeHHeM  KOHii;eHTpaii.HH  bboahmoh 
BaarH  cKopocTL  noaHMepH3an;HH  CHanaaa  HSMenHeTca  HeaHa^He 
TeaBHO,  HO  HaHHHaH  c onpeAeaeHHoro  npeAeaa  ya^e  snaanTeaBHO.. 
CHHJKaexcK  (cm.  Ta6aHii;y).  MoaeKyaapHBiH  Bee  npH  btom  nsne- 
HfleTCH  anniB  b HeSoaBniHx  npeAeaax.  Tan,  HanpHMep,  MoaeKy- 
aapHHH  Bee  noanMepa,  npHroTOBaennoro  c npH6aBaeHHeM.' 
0,1*10'^  MOJihlji  H2O,  cocTaBHa  110  000,  a npn  npH6aBaeHHH 
4,55-10"^  MOJihlji  H2O  — 92  000. 


BjiiraHEe  BJiarn  h ojinroMepOB  na  CKopocxb  noaBMepMsaAnH 


[HsOJiO*. 

MOJlb/jl 

MOAb  ■ • MUH 

[CsHiaMO^ 

MOAb/jl 

fto-102, 

MOAb-A-^’MUH 

[C|2Hu]'10^ 

MOAb/A 

/fo-lO*, 

MOAb-A-^MUH 

, 

6,7 

6,7 



6,7 

0,10 

6,9 

2,1 

■6,7 

1,05 

6.9(  , 

1,45 

7,5 

5,5 

4,4 

' 3,40 

4,4 

1,05 

7,0 

10,8 

4.7 

8,70 

4,4 

4,50 

4,9 

21,6 

2,9 

22,60 

1,6 

9,00 

2,4 

54,0 

1.6 

■ 

17,50 

0,7. 

BaHHHHe  oanroMepoB  naoSyTHaena 

HaynenHe  BaHHHHH  npnSaBaeHHH  oanroMepoB  b pacTBop 
H3o6yTHaeHa  Ha  noaHMepH3an,Hio  noKaaaao,  hto  ahm^P  h™  xpn- 
Mep  3HaHHTeaBH0  CHH>KaioT  CKopocTB  noaHMepH3an;HH  (cm.  Ta6aH- 
Ay),  b to  BpeMH  KaK  MoaeKyanpHHH  Bee  npaKTHaecKH  ne  MenaeT- 
CH.  Pa36poc  MoaeKyaapHHx  bgcob  KoaeSaeTca  b npeAeaax  boc- 
npoH3BOAHMOCTH  pesyaBTaxoB 


BanaHHe  KOHi],eHTpaAHii  MOHOMepa 
Ha  MoaeKyaapHbiH  pec 

SaBHCHMOCTB  MoaeKyaapHOFO  Beca  ot  KOHAeHxpaAMH  moho- 
Mepa  npH  pasHBix  xeMnepaxypax  noKasana  na  pnc.  4.  G pobxoM. 
KOHAeHxpaAHH  MOHOMepa  MoaeKyaapHBiH  Bee  pacxex  tgm:  6oaee 
pesKo,  aeM  HHH^e  xeMnepaxypa.  Ilpn  hhskhx  .xeMnepaxypax  a: 
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bmcokhx  KOHi^eHTpau;HHx  MOHOMepa  naGjiioAaeTCH  neperH6  kphbmx, 
H MOJieKyJiHpHtiH  Bee  y>Ke  6oJiBine  ne  pacxeT  c pocTOM  KOHi^enTpa- 
MOHOMepa. 

OGcyHCffCHHe  nojiyHeHHwx  peayjibxaTOB 

GaoJKHOCTb  cocTaBa  ncnoJiLsoBaHHoro  KaTajiHsaxopa  nosBOJiHex 
HaM  noKa  fleJiaxb  Jinnib  npHSjiii^KenHHe  bbiboah  Hacnex  cxpyKxy- 
pu  KaxajiHsaxopa  h MexannsMa  noJiHMepH3an;HH.  B npeAi>iAyn],eH 
paSoxe  [1]  MH  OHHcajiH  peaKi],iiK)  Men^fly  Bxop.  6yxHJiaxoM  ajiio- 
MHHHH  H BFs,  Koxopyio  MOHCHO  HpeoSpaHcaxb  cjieAyiomHM  o6pa30M: 


A1  (0C4H9)3 


BF; 


5o»cA1(OC.Ho)3-2BF3^--^^ 


npOBpaqHfcift  6ec^BeTHua  rejib 

- A1  (OC3Ho)-(OH)2-2BFs+ 2C4H8 

sejiBHUH  rejib 

Bobhhkhihh  npH  axon  peaKH,HH  6yxeH  noJiHMepHayexca  Aajiee 
B npHcyxcxBHH  KHCJioro  KaxaJiHaaxopa  c o6pa30BaHHeM  hh3ko 

MOJieKyjiHpHoro  noJiHMepa 


uoo\ 


300 


200 


WO 


’30 


noAoSnaa  peaKH,Ha  npo- 
hcxoaht  h y xpex.  6yxHaa- 
xa  aaiOMHHHa,  r^e  oxiii,en- 
aeHHe  H3o6yxHJieHa  nponc- 
xoahx  npH  ' 3HaaHxejibHO 
6oaee  hh3Koh  xeMnepaxype 
HenocpeACXBeHHO  npn  npo- 
nycKaHHH  BF3  BaJiKoroaax 
npH  —80°.  Mh  npeAHOJia^ 
raeM,  axo  nocae  oxn^enae- 
HHa  oae(|)HHa  BosHHKaiox 
rpynnH  OH,  csaaaHHbie  c 
BFa,  H npoHCxoAax  Aaab- 
HeHiHHe  peaKAHH  c o6pa- 
30BaHHeM  cexaaxoii  cxpyn* 
xypH.  IIoaxoMy  mo>kho  ao- 
nycxHXb,  axo  BOAopoA  b 
B03HHKnieH  rpynne  — OH  b 
aaKoroaaxe  A1  SyAex  HMexb 
KHcaHH  xapaKxep,  ho  ho 
HacToabKO,  axo6bi  oh  mof 
Bbi3Baxb  CbECxpyio  noaHMe- 
pH3an,Hio. 

ToabKo  nocae  npH6aBaeHHa  TiCk  k HepacxBopHMOMy-  Al- 
KOMnaeKcy  MraoBenno  npoHcxoAHx  aACop6n;Ha  Han  xeMHCop6n,Ha 
Ha  HOBepxHOCXH  Al“KOMnaeKca  c o6pa30BaHHeM  cnabHO  KHcaHx 
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Phc.  4.  SaBHCHMOCTb  MoaeKyjiapHoro  Beca 
OT  KOHAefiTpaAHH  MOHOMepa  npH  paSHHX 
xeMHepaxypax. 

[AI]  = 3,2»10-®  MOjibfAy  Ti  : A1  = 0,5. 
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aKTHBHHX  ^yHKDIHOHaJIBHLIX  rpynn.  CKOpOCTb,  C KOTOpOH  npoiic- 
xoAHT  axa  aKTHBai];HH,  cBn^eTeJibCTByeT  o tom,  ^to  Al-KOMnjienc 
BGAGT  Ce6H  KaK  TBepfltIH  COKaTaJIHSaTOp,  XoTH  B HamHX  OHHTaX 
HeJIbBH  nOJIHOCTbK)  HCKJIIOTOTb  BJIHHHHe  CJIBAOB  BJiarH,  HpHCyT- 
cTByiomeH  B peaKu,HOHHOH  cpefle;  axoMy  o6cTOHTejibCTBy  HCJibsa 
npHAaBaxb  peniaiomee  BnaaenHe,  xan  KaK  BJiHanne  iiaMepenHO 
BBeAeiiHOH  BJiarH  npoHBHJiocb  aaMexHO  Jinnib  npn  BHanHxeJibHbix 
ee  KOHii;eHxpai];HHX.  Ecjih  BBeAeno  AocxaxoHHoe  KOJinaecTBO  Ka- 
xajiHsaxopa,  xo  npH6aBjifleMafl  Bo^a  BaaHMOflencxByex  onenb 
Sbicxpo  c ero  noBepxHOCXbio  h CHHjKaex  CKopocxb  peaKU^Hn,  cbh- 
sHBafl  aKXHBHbie  i3,eHxpbE,  ho  He  bjihhh  na  MOJieKyjiapHBiH  bgc 
noJiHMepa,  pacxymero  na  ox^eJibHHX  neaaxponyxHx  aKXHBHbix 
HieHxpax. 

BjiHHHHe  npH6aBJieHHH  AHMepa  h xpHMepa  na  noJiHMepH3ai];Hio 
MOH<HO  paCCMaxpHBaXb  C TOH  >Ke  XOHKH  SpeHHH.  3tH  OJIHrOMepH 
aACop6HpyK)xcfl  na  noBepxHocxH  KaxaJiHsaxopa,  saHHMaiox  ero 
aKTHBHyiO  nOBepXHOCXb  H TGM  CaMHM  CHHH^aiOX  CKOpOCXb  nOJIHMe- 
pH3aH;HH,  npHHGM  MOJieKyJIHpHtlH  Bee  He  MeHHeXCH.  II3  3T0r0 
MOHCHO  SaKJIIOHHXb,  HXO  3TH  npndaBJieHHbie  HHSKOMOJieKyJIHpHIie 
noJiHMepbi  H3o6yxHJieHa  ne  ynacxByioT  b o6pbiBe  ii;enH  paexymero 
paAHKajia  h ne  bxoahx  b Hero,  kbk  cocxaBHHe  aaexH. 

OSpasoBaBHiHHCH  B TeneHHe  noJiHMepH3ai];HH  noJiHMep  Aecop- 
GnpyexcH  c aKXHBHOH  noBepxHOcxH  Kaxajinaaxopa.  CKopocxb, 
c KOTopoH  npoHcxoAHT  3xa  Aecop6i];HH,  3aBHCHx  npejKAe  Bcero  ox 
BeJiHHHHM  MOJieKyjibi,  xeMnepaxypH,  npn  KOxopoH  hagt  Aecop6- 
AHH,  H CpeAH.  MoH^eX  CJiyHHXbCH  xaK,  HXO  CKOpOCXb  HHHAHHpOBa- 
HHH  H poexa  MOJieKyjiH  Ha  noBepxHocxH  Kaxajinaaxopa  SyAex 
6oJibme,  HeM  CKopocxb  Aecop6ii;HH  o6pa30BaBinerocH  nojiHMepa. 
npH  3TOM  Ha  noBepxHOCXH  SyABT  B03HHKaxb  cjioH  Ha6yxinero.  no- 
jiHMepa, KoxopuH  6yAex  c oahoh  exopoHH  Memaxb  oxBOAy  bh- 
AejiHioiAerocH  xenjia  ox  n;eHxpa,  H3  Koxoporo  pacxex  noJiHMepnaH 
MOJieKyjia,  h c ApyroH  exopoHti  SyAex  orpaHHHHBaxb  Aocxyn 
MOJieKyji  MOHOMepa  k meaxpaM  poexa.  B bxom  ejiynae  b6jih3h 
ox  H,eHxpa  poexa  6yAex  npoHcxoAHXb  neperpes.  ^oexyn  MOJieKyji 
MOHOMepa  K noBepxHoexH  KaxajiHaaxopa  6yAex  onpeAeJiHXbeH  hx 
AH(J)(J)y3HeH  Hepe3  ejion  noJiHMepa,  eKopoexb  Koxopoii  6yAex  3aBH- 
eexb  ox  xoJiiAHHH  ejiOH  noJiHMepa  h ox  KOHn;eHxpai],HH  paexBopa. 
06a  ^aKxopa  — orpaHHaeHHLin  Aoexyn  MOJienyji  MOHOMepa  h ne- 
perpeB  b6jih3h  Aenxpa,  h3  KOxoporo  nponexoAnx  poex  MOJienyji  — 
6yAyx  cnoeo6GXBOBaxb  yMenbineHHio  bgjihhhhh  B03HHKaioin,eH 
MOJieKyjiti  noJiHMepa.  TaKHMo6pa30M  eKopoexb  poexa  aghh  h epoK 
ee  eyiAecxBOBaHHfl  6yAyx  eHHJKaxben.  CKopoexb  o6pbiBa  He 
saBHeHX  ox  npoHHKHOBenHH  MOHOMepa  (eejin  ne  npHHHMaxb  bo 
BHHMaHHe  o6pbiB  e nepenoeoM  e noMOEAbio  noJiHMepa,  hxo  HMeex 
MCHbinee  BHaneHne)  h ohjibho  B03paexex  b peByjibxaxe  neperpeBa. 
HaKonjieHHe  HeAeGop6HpoBaHHoro  noJiHMepa  na  noBepxHoexn 
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KaxajiHsaTopa  6yfleT  ocoSenno  saivieTHHM  npn  6oJiee  bbicokhx  koh» 
4eHTpau,HHx  nojiHMepa,  pacTBopennoro  b yrjieBOAopoAHon  ^aae, 
9 npn  HH3KHX  TeMnepaxypax.  IIoaTOMy  noBBirnenHe  MOJteKyjiflpnoro 
Beca  noJiHMepa  nyxen  CHH^enHH  xeMnepaxypEi  h noBBimennH 
HCxoAHOH  KOHii;eHxpai^Hii  MOHOMepa  HMeex  cboh  npaKXHHecKiie 
ripe^ejiBi  (pHC.  4).  • ^ 

JlHTepaxypa 

;L  0.  W i c h t e r 1 e,  M.  M a r e k,  J..  T r e k o v a 1,  Symposium  iiber 
Makromolekule  in  Wiesbaden,  Sektion  III.,  Ill  A 13,  1959. > 

2.  P.  H.  Plesh,  J.  Chem.  Soc.,  1950,  543. 


Summary 

The  isothermal  polymerization  of  isobutylene  in  hexane  has 
been  investigated.  The  reaction  was  carried  out  using. a previously 
described  insoluble  catalyst  complex.  The  critical  ratio  of  TiCh- 
insoluble  complex  (sec. — butylaluminum  saturated  with  BFs)  has 
been  determined  and  found  equal  to  a molar  ratio  of  Ti/Al  0,25. 
Deviation  from  this  state  does  not  accelerate  the  polymerization 
reaction. 

It  follows  from  kinetic  measurements  that  the  rate  of  poly- 
merization is  first  order  with  respect  to  the  catalyst.  The  rate 
is  expressed  by  the  following  equations: 

Rp=^‘(Ti)'  for  Ti/Al<  0,25 

Rp=  k'  (Al)  for  Ti/Al  > 0,25 

The  resultant  polymers  possess  a higher  coefficient  of  poly- 
dispersity.  This  bears  evidence  to  arise  in  the  temperature  of 
the  catalyst  surface  in  the  process  of  polymerization. 


Resume 

Une  polymerisation  isotermique  d’isobutylene  etait  etudiee. 
lei,  a ete  utilise  le  complexe  catalytique  decrit  precedemment. 
On  a determine  le  rapport  critique  entre  TiCU  et  un  complexe 
insoluble  (aluminium  butyle  — sec.,  sature  par  BFs);  ce  rapport 
,est  egal  au  rapport  molaire  Ti/Al  = 0,25.  La  deflection  de  ce 
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rapport  ne  provoque  pas  I’accroissement  de  la  vitesse  de  poly- 
merisation. 

Des  mesures  cinetiques  il  resulte,  que  la  vitesse  de  polyme- 
risation a le  premier  ordre  en  relation  dm  catalyseur. 

La  vitesse  de  polymerisation  est  decrite  par  I’es  equations: 

Rp  = /c  (Ti)  pour  Ti/Al  < 0,25 

Rp  = (Al)  pour  Ti/Al  > 0,25 

Les  polymeres  obtenus  possedent  un  coefficient  de  polyfi- 
nesse plus  haut.  Ce  fait  temoigne  de  I’augmentation  de  tempe-- 
rature  sur  la  surface  de  catalyseur  au  cours  de  la  polymerisation. 
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rETEPOrEHHtlE  KATAJIH3ATOPLI 
nOJIHMEPH3AH,HH  a-OJlECDHHOB 

B,  B onen 

(HexocjiaBaKHH) 


npo(|).  HaxTa  onncaji  cnoco6  noJiHMepH3aii;HH  a-0Jie$HH0B  [1,  2] 
B npHcyTCTBHH  CTepeocneii;H(|)HB;ecKHx  KaTajiHsaTopoB,  npuroxoB- 
JIGHHHX  H3  TOCTOrO  TiCla  HJIH  TiCh  H aJIKHJIbHIJX  npOH3BOflHHX 
aJIJOMHHHK.  XapaKTepHHM  CBoiiCTBOM  3THX  KaTaJIH3aTOpOB  HBJIHGT- 
ca  Hx  npo/^oJia^HTeJiBHaa  CTa6HJiLHOCTb  h CTepeocnei];H(|)HaHOCTb. 
HaxTa  npeAHOJiaraeT  [3],  axo  mg^kay  TiCls  hjih  TiCh  h ncnoJib- 

BOBaHHblM  aJIKHJIbHBIM  npOH3BOAHbIM  aJIIOMHHHH  npOHCXOAHX 
peaKAHa,  npn  KoxopoH  na  rpanax  KpHCxajijiOB  HeopranHaecKoro 
KOMnoHGHxa  o6pa3yK)xca  aKXHBHHe  KOMnjieKCH,  BeAymne  ceSa 
KaK  AGHXpH  noJiHMepHBaAHH.  CxepeocneAH^naHocxb  Kaxajinaa- 
xopa  npanncbiBaiox  opHeHXHpyioiii,eMy  AeHCXBHio  rpanen  Kpncxaji- 
JiOB  TiCla  HJIH  TiCl2.  CKopocxb  noJiHMepH3an;HH . 3XOH  cHcxeMH 
Moa^Ho  B KaKOH-xo  Mepe  peryjinpoBaxb  HaMenenHeM  KOHn;eHxpaii;HH 
TiCls  H MOHOMepa  h xeMnepaxypH.  MoJieKyjiapnbiH  sec  noJiHMepa 
MO>KHO  aacxHHHO  peryjiHpoBaxb  HaMeneHHeM  cocxaBa  h kohagh- 
xpaAHH  KaxajiHsaxopa  h xGMHGpaxypH.  KpHCxajiJinaGCKaa  aacxb 
HOJiHMGpa,  xo  ecxb  aacxb,  hg  aKcxparnpyeMaa  KnnaiAHM  w-ren- 
xanoM,  aaBHCHx  ox  HaMGHGHiia  ycjioBHH  peaKAHH  Jinnib  b oHGHb 
MajIOH  CXGnGHH  [4]. 

Kaxa^Hsaxopbi,  onncaHHUG  b A^iJibHeHniGM,  oxjiHaaioxca  hg 

XOJIbKO  HOBbUnGHHOH  aKXHBHOCXbH),  HO  OHH  n03B0Jiai0X  H3MGHaXb 
HG3aBHCHMbIM  oSpasOM  MOJIGKyjiapHHH  BGC  H COABpJKaHHG  KpHCXajI- 
JIHHGCKOH  aaCXH  nOJIHMGpa. 

CBOHCXBa  3XHX  KaxajIH3aX0p0B  6lIJIH  npOBGpGHH  npGBKA©  BCGrO 
HpH  nOJIHMGpH3aAHH  npOHHaGHa,  HO  3XH  KaxaJIH3aXOpH  MOJKHO 
HCn0JIb30BaXb  XaK^KG  AJIH  nOJIHMGpHSaAHH  ApyrHX  a-OJIG(|)H“ 
HOB. 
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3KcnepiiMeHTajibHafl  vacTb 

OCHOBHOH  HaCTbK)  HOBMX  KaTajIHSaXOpOB  HBJIHIOTCH  CMemaH- 
HLie  KpHCTajijiBi  TpexxjiopHCToro  HjiH  flByxJiopHCToro  THTana 
c xjiopHji;aMH  MeTajiJiOB  II — VIII  rpynn  nepHO^HHecKOH  CHCxeMLi 
B COHexaHHH  C aJIKHJIBHHMH  npOHaBOflHtIMH  aJIIOMHHHH,  npe>Kfle 
Bcero  c TpH3THjiajiK)MHHHeM.  CMemaHHue  KpHCTajiJiH  Tpexxjio- 
pHCToro  HJIH  AByxjiopHCToro  THTana,  HMeiomne  paaJiHHHHH  Ka- 
necTBeHHHH  n KOJiHnecTBeHHHH  cocTaB  h paaMepBi  nacTHi^, 
^^IBI  npHrOTOBJIHJIH  BOCCTanOBJieHHeM  HGTBipeXXJIOpHCTOrO  THTa- 
Ha  paaJiHHHBiMH  MeTajiJiaMH.  CMemaHHHe  KpncTajijiBi  naynajin 
nyTGM  XHMHHeGKoro  anajiHaa  h MHKpocKonnHecKH;  b nacTOH- 
mee  BpeMH  CTpyKxypa  hx  HaynaeTCa  peHTreHorpa(|)HHecKH. 
Oii;eHKy  KaTajiHsaTopoB,  npnroTOBJieHHBix  h3  CMemaHHBix  KpH- 
CTaJIJIOB  H TpH3THJiaJIK)MHHHH,  MBI  npOBOAHJIH  B HOCTOHHHHX  yCJIO- 
BiiHx  OHBITOB  HO  noJiHMepH3an,HH.  B KanecTBe  MOHOMepa  hojib- 
30BajiHCB  npoHHjieHOM,  b KanecTBe  cpe^Bi  — w-renTanoM,  CKopocTB 
nOJIHMepH3an,HH  H3MepHJIH  AHJiaTOMeXpHneCKH  [5].  Ha  OCHOBaHHH 
HOJiyneHHBIX  ^aHHHX  MBI  paCCHHXBIBaJIH  KOHCTaHTy  CKOpOCTH  HOJIH- 
MepH3aii,HH.  fl,JiH  nojiHMepa,  CBo6oAHoro  ot  ocTaxKOB  KaTajiHsaxopa, 
MBI  onpefleJiHJiH  BHyxpeHHioK)  bhskoctb  b TexpajiHiie  npn  140°  h 
KpiicTajiJiHnecKyio  nacTB  BKCTpaKi^Heii  KHnaii^HM  w-renTanoM. 

TaKHM  me  chocoSom  mbi  bgjih  cpaBHHTeJiBHBie  ohijItbi  no  hojih- 
MepH3an;HH  c KaTajinaaTopoM,  npnroTOBJieHHHM  H3  hhctoto  TiCh, 
noJiyneHHoro  BOccTanoBJieHHeM  TiCk  BOflopo?i,OM. 

IIojiyneHHbie  pe3yjibTaTbi  h hx  oGcy/K^euHe 

Ohbitbi  noKaaajiH,  hto  KaTajiiisaTopBi,  npnroTOBJieHHBie  h3  cmg- 
maHHUX  KpHCTaJIJIOB,  MOHCHO  OpHeHTHpOBOHHO  paSAeJIHTB  Ha 
4 rpynnBi.  B nepByio  rpynny  cjieAyex  bkjiiohhtb  tg  naTaJinaaTopH, 


Ta6jiHir.  a 1 


HeoprannHecKHM  KOMnoeenT 

KoHCTaHTa 
CKOpOCTH  no- 
jiHMepHsaipm 

a- 

TiCls"^  MHH-l 

BHyTpCH- 
HRH  Baa- 
KOCTfc,  73 

KpHCTaji- 
jiHaecKaa 
nacTb,  % 

TiCla 

1,10 

3,40 

85 

TiCls  — AICI3 

5,24 

3,50 

83 

770/0  230/0 

TiCla  — Mods  — AICI3 

750/0  7,40/0  17,6o^ 

6,62 

3,40  , 

81 

TiCla  — WCla-- Alda 

76«/o  6,10/0  17,90/0 

8,91 

3,30 

80 
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KOTOpHe  OTJIHHaiOTCH  nOBHDieHHOH  aKTHBHOCTBK)  II  A^K)T 
MOJKHOCTb  nOJiyHHTB  HOJIHMep  C npaKTH^eCKH  OAIIHaKOBHM  H MO- 
jieKyjiapHHM  BecoM  h KpHCTajiJinaecKOH  aacTbio;  npHMepoM  cjiy- 
>KiiT  KaTaJiHsaxop,  npHroTOBjieHHHH  ns  ancToro  TiCh  (xaBji,  1). 

KaTaJiHsaTopu,.  BKJiioaeHHHe  bo  BTopyio  rpynny,  xaKH^e 
OTJinaaioTca  noBBimenHOH  aKTUBHOCTLio,  ho  noJiyaeHHtie  iioJiHMepBi 
coABp^c^T  MeHbnie  KpucTajuinHecKOH  aacTH  (cm.  Ta6ji‘.  2),. 


Ta6jiHAa  2 


HeopraHH^iecKHfi;  KOMnoHenT 

KOHCTaHTa 
CKOPOCTH  no- 
JIHMCpHSai^HH, 

A:  *10-10. 
TiCls'i  MUH.-l 

BHyTpen- 
Hfla  BH3- 
. KOCTb,  7) 

Kpiiciaji- 
jiHHecKaa 
^acTb,  % 

TiCU 

1,10 

3,70 

85,3 

TiCls  — FoClg  — AICI3 
81«/o  5%  14% 

6,1 

3,90 

67,5 

TiClg  — NiCU  — AICI3 
54.5%  17,6%  27,9% 

6,4 

3,45 

58,3 

TiCU  — SnCU 

61, 90^  37,1% 

6,6 

■ 

3,60 

51,2 

TiCl3  — FeClz  — AICI3 
58%  21,50/0  20.5% 

5,1 

3,50  ■ 

48,2 

B TpeTLK)  rpynny  BKJiioneHBi  KaTajinaaTopH,  b npHcyxcTBim 
KOTopMX  noJiHMepH3ai];HH  nponnjiena  npoTenaeT  c 6oJii>nioH  cko- 
pocTLK);  nojiynennbie  noJiHMepBi  o6jiaAaiOT  6oJiee  hhbkhm  mojic- 
KyjinpHHM  BecoM,  no  bbicokhm  coAepH^anneM  KpHCTajuinnecKon 
nacTH  (cm.  Ta6ji.  3). 

T a 6 Ji  i m a 3 


HeopraHMHecKiifi  KOMnoHCHT 

! 

KOHCTaHTa 
CKOpOCTH  no- 
anMepH3ai^HH, 
fc*10-i  0. 
TiCls'l  MHH.-l 

HyTpeH** 
HHH  Bfl3- 
KOCTt,  7J 

KpHCTaji- 
jiiwecKaa 
HaCTb,  % 

TiCls- 

i 1,10 

3,70 

' 85,3 

TiCla  — ZnCU  — AICI3 
74.8%  11%  1'4.2«^ 

6,0 

2,30 

81,2  . 

TiCU  — ZnCU 

65%  35% 

5,5  ‘ 

1,50 

80,4 

K nexBepTOH  rpynne  npHnaAJieHcax  KaxajinsaxopH,  b,  npncyx- 
cxBHH  Koxoptix  nponujicH  noJiHMepH3yexcH  c.  noBBuaennoia  cko- 
pocxBH),  no  MOJieKyjinpHHH  see  n coAcpJKanne  KpncxajiJinnecKOH 
nacxH  B noJiHMepe  nonnjKenBr  (cm,  xa6jr,  4). 
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Ta6jiHn,a  4 


HeopraHH^ecKHKL  KOMnoneHT 

KOHCTaHTa 
CKOpOCTO  no- 
jiHMepPisai^Hii, 
fe-lO-i  8. 
TiCU~^ 

BnyTpeH- 
HHH  BH3- 
KOCTb,  n 

KpHCTaji- 
: jiHqecKaa 
^acTb,  % 

TiCls 

1,10 

3,70 

85,3 

TiCls— MgCU-AlCls 
53,7%  29%  17,3%  . 

7,40 

2,34 

45,5 

TiCU— GaGU  — Aids 

61,8%  13,6%  21,6% 

2,69 

3,30 

68,4  . 

TiCls  — MnCU  -AICI3 

60%  18,5%  21,5% 

3,98 

2,90 

58,3 

Tot  me  caMHH  mm  o6Hapy>KHjiH  y CMemaHHHx  Kpn- 

CTajiJiOB,  ^ByxJiopHCToro  THTana,  KaK  cjieAyex  H3.  j],aHHbix!|,Ta6ji.  5. 

T a 6 ji  im  a 5 


HeopraniiMecKH^  KOMnoneHT 

KoHCTaHTa 
CKOPOCTH  no- 
auMepnaannii, 

2. 

TiCl2~^  MHH.-l 

BnyTpeii- 
nnn  brs- 

KOCTb,  7) 

KpHCTaji- 
j jiiiMecKan 
MaCTb,  % 

TiCls 

o;78 

4,56 

82,9 

TiCU  — MgCh 

60%  40% 

3,2 

3,00 

71,5 

TiCls  - MnCls 

70%  30% 

2,5 

. 2,76 

68,4 

Ha  peayjiBTaxoB,  npHBeAenHHX  BHme,  BHxeKaex,  ^to  KaxajiH- 
aaxopM,  npHroTOBJieHHMe  H3  CMemaHHMx  KpHCxajuioB,  oxjiH^aioT- 
CH  CBOHMH  CBOHCTBaMH  HB  XOJIbKO  OX  KaxaJIHSaXOpOB  HB  HHCXOrO 

TiCla,  HO  xaKJKe  oahh  ox  ^pyroro  b aaBHCHMocxH  ox  KanecTBenHoro 
H KOJiHHecxBeHHoro  cocxaBa  CMemaHHHx  KpncxajuiOB. 

CaMoe  y^HBHxeJibHoe  cbohcxbo  KaxajinaaxopoB  na  CMeniaHUbix 
KpHCXaJIJIOB,  X.  e.  HX  aKXHBHOCXb,  MOJKHO  oSTbHCHHTb  TBM,  HXO  HO- 
jiHMepH3an.HH  npoxeKaex  na  noBepxHOCXH  xsepAoii  (J)a3H  h noaxoMy 
saBHCHx  ox  ee  BejiHHHHM.  KoHeHHO,  3X0  AOJiJKHO  6biJio  oanaHaxb, 
HTO  CMemaHHHe  KpHcxajuibi,  ncnojibsyeMMe  npHroxoBJieHHH 

KaxajiHsaxopoB,  HMeiox  66jibinyK)  noBepxHOCxb,  hgm  ^hcxmm  TiCla, 
c KOTopHM  ohh^6hjih  cpaBHeHH.  BoJibmaH  noBepxHOCxb  uomer 
6MXb  o6ycjioBJieHa  MenbmnM  pasMepoM  HacxHn;  hjih  noBMraeHHMM 
K03(|)(|)Hn,HeHT0M  mepoxoBaxocxH.  OAHaKO  H3MepeHHe  BeJiiiTOiibi 
Been  noBepxHOCXH,  Koxopoe  mh  npoBejin  y pHAa  CMemaHHHX 
KpHcxajiJioB,  H onbiXBi  no  noJiHMepH3aii;HH  noKaaajiH,  b;to 
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noBbimeHHaH  aKTMBHOCTBKaTajmaaxopOB  H3  CMemaHHtiXKpHCTajiJioB 
He  HenocpeACTBeHHO  CBnaana  c pasMepoM  noBepXHocTH  TBepji,OH 
$a3H.  PeaynbTaTH,  npHseflenEHe  b xaSji.  6,  6hjih  noJiyEenn  npn 
OEHTax  c pflAOM  CMemaHHHX  KpHCTajiJioB  TiCls—  AlCh,  b koto- 
pBix  noBBiinaJiocB  coflepacaHiie  AlCls. 

T a 6 ji  H A a 6 


HeopraHunecKiiH  KOMnoneHT 

KoHcxaHTa 
CKOpOCTH  no- 
JIHMepHSai^HH, 
k>  10-‘  a.  TBep- 
$a86I- 

MHH-1 

IIOBepx- 

HOCTB, 

S,  AtVa 

k/S 

TiCls 

1,10 

59,2 

0,0185 

TiCls  — AlCls 

91,2«/o  8,8o/o 

1,65 

12,7 

0,13 

■I 

4,04  . 

3,8 

. 1,065 

TiCls  — AlCls 

58%  42% 

4,3 

4,12 

1,04 

TiCls  — AlCls 

15,2%  84,8% 

2,15 

0,58 

3,7 

Tojibko  npH  npeo6jiaAaioii];eH  KOHi];eHTpaii;iiH  KOMnoneHTa, 
cnocoSnoro  pearnpoBaxt  c TpHaxHJiajiiOMHHHeM  c o6pa30BaHHeM 
pacxBopHMHx  coeAHHeHHH,  o6pa3yH)xcH  o^eHb  MajiBie  HacxHn,H 
c SojiBmoH  noBepxHOCXBK),  Hxo  Be^ex  k flajiBHeiineMy  noBHinenHio 
CKopocxH  noJiHMepH3ai];HH.  IIpHMepoM  cjiyjKax  CMemaHHHe  Kpii- 
cxajiJiBr,  coAepjKamHe  84,8%  AICI3  h 15,2%  TiCla. 

KaxaJiHXH^ecKaH  CHcxena  TiCla  — xpnaxHJiajiioMHHHH  He 
npej^cxaBJiaex  bosmohchocxh  peryjiripoBaxB  coji;ep>KaHHe  Kpncxaji- 
JiHaecKOH  aacxH  noJiHMepa.  Haxxa  nonasaji  [4],  axo  ckojibko- 
HH6yAB  cymecxBeHHoro  peryjiiipoBaHHH  coAepH^annH  Kpiicxajijiii- 
aecKOH  HacxH  mo>kho  aocxhbb  npEMeHenneM  ^pyrax  Mexajijioopra- 
HHaecKHx  coeAHiieiiHH,  nanpHMep  Be,  Zn  h Mg,  h hxo 
coAepHcaniie  KpncxajiJiHaecKoro  noJiHnponHjiena  saBHCHx  ox  pa- 
AHyca  HOHOB  Mexajijia,  oSpaayiomero  MexajijioopraHHaecKoe  co- 
efl,HHeHHe. 

HcnoJiB30BaHHe  KaxajinxHaecKHx  chcxgm,  npHxoxoBJieHHHx  113 
CMemaHHBix  KpncxajiJiOB,  nosBOJinex  peryjiHpoBaxB  coAepacaHiie 
KpHcxajijiHaecKOH  aacxH  nojiHMepa  ne  nyxeM  HcnoJiB30BaHHH 
MexajijioopraHHaecKHX  coeAMHemiH,  a BBi6opoM  KaaecxBeHHoro  11 
KOJiHaecxBeHHoro  cocxaBa  CMemanHBix  KpncxajijioB. 

9x0  HBjieHHe  nejiBan  o6x>hchhxb  o6pa30BaHHeM  pacxBopHMBix 
MexajiaoopraHHHecKHx  coeflHneHHH  c hohom  SoJiBinerb  o6x»eMa, 
iianpuMep 

SnCl2+  EtgAl  EtSnCl  + EtaAlCl, 
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noTOMy  HTO  H TaKHe  CMeniaiiHLie  KpHCTajijiu,  npii  peaKii,HH  KOToptix 
c TpH3THjiajiioMHHHeM  He  Moryx  oSpaaoBaxLCfl  pacxBopHMHe  Me- 
xajiJioopraHHHecKHe  coe^HHeHHH,  npnroAHBi  ;i;jih  noJiyneaHH  no- 

JIHMepOB  C MeHblHHM  COflepH^aHHeM  KpHCXaJIJIHHeCKOH  HaCTH, 

MaMepeHHBie  CBHAeTejiBCXByioT  o tom,  hto  ne  cyme- 

CTByex  OAHOsnaTOOro  cooxHomennH  uemjsj  paAiiycoM  Apyroro 
Hona  B KpHcxajiJiH^ecKOH  pemexKe  TiCla  h KpncxajijcHHecKOH  na- 
CTBH)  noJiHMepa.  CMemaHHue  KpHcxajijiH,  b KOxopBix  Bce  KOMnoneH- 
TBi  oSpaaoBaHH  xjiopHAaMH  TpexBajienxHBix  MexajijioB,  noHHH^aioT 
coAepH^aHHe  KpHCxajijiHHecKOH  ^acxH  b noJiHMepe  jihihb  neana- 
HHxejiBHo;  ajih  xjiopHAOB  AByxBajieHTHLix  MexajiJioB  xapaKxepHO 
nOHHJKeHHe  COAepJKaHHH  KpHCXajIJIH^eCKOH  HaCTH. 

Bnojine  noHflXHO,  ^xo  xjiopHABi  xHna  MeCl2  chjibho  HapyinaioT 
KpHcxajiJiHHecKyK)  cxpyKxypy  CMemaHHUX  KpHcxajiJioB  TiCla. 
XIpeAnoJiaraa,  hxo  pocxy  HOJiHMepa  npeAniecxByex  copSAHH  mo- 
HOMepa,  coHexaiomaHCfl  c opneHxaAHeH  xBepAon  ^aaij  Kaxajinaa- 
xopa  Ha  HOBepxHOCTH  [7],  mojkho  yAOBJiexBopnxejiBHo  o6BflCHHXB 
noHHHceHHe  coAepHcannH  KpHcxajijiHHecKOH  nacxH  nojiHMepa  He- 
AOCxaxoHHOM  opHeHxaAHeii  MOHOMepa  na  CMemaHHBix  KpncxaJiJiax 
C OHeHB  AB$eKXHOH  CTpyKXypOH. 

Bonpoc  0 peryjiHpoBaHHH  MOJieKyjinpHoro  seca  nojiHMepa  npii 
noMOiAH  CMeniaHHHx  KpHcxajiJioB  ao  chx  nop  eme  hojihoctbio  ne 
o6'BHCHeH.  yAoSHHMH  peryjiHTopaMH  oKaaajincb  rjiaBHHM  o6pa- 
30M  CMemaHHBie  KpHcxajijiBi  TiCla  hjih  TiCh  c xjiopHAaMH  Me- 
xajijioB  II  rpynnBi  nepnoAHHecKOH  chcxcmh,  hjih  xpoHHBie  Kpii- 
cxajiJiLi  XHna  TiCla  — MeClx  — AlCla. 

J],JiH  CMemaHHBix  KpHcxajiJiOB  TiCla  c xjiopnAaMH  MexajiJiOB 
11  rpynHBi  nepnoAHHecKOH  cncxeMBi  mojkho  npeAnoJiaraxB  o6pa3o- 
BaHHe  HesHanHxeJiBHBix  KOJinnecxB  pacxBopHMBix  MexajiJioopraHH- 
HecKHX  coeAHHeHHH  BCJieACXBHe  BaanMOAencxann  c xpiiaxHJiajiio- 
MHHHeM,  KoxopBie  AGHCXByioT  B KanecxBe  arenta  nepeAanH  hjih 
oSpBiBa  n;enH  [8].  OAnako  xaKHM  oSpasoM  nejiban  oSbHCHHXb  no- 
HH>KeHHe  MOJieKyjinpHoro  Beca  noJiHMepa  npn  HcnoJibaoBaHiin 
KaxajiHaaxopiOB,  npnroxoBjieHHHX  h3  xex  CMemaHHBix  KpHCxaJiJioB, 
AJIfl  KOXOpHX  HeJIb3H  HpeAnOJIOHCHTB  o6pa30BaHHH  paCXBOpiIMBIX 
MexajiJioopraHHHecKHx  coeAHHCHHH . 
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Summary 

Heterogeneous  catalysts  for  the  polymerization  of  a-olefins 
(and  especially  of  CgHe)  consisting  of  aluminium  alkyl  derivatives 
and  mixed  crystals  of  TiCl3  or  TiCl2  with  chlorides  of  metals 
of  the  through  VIIP^  groups  of  the  periodic  table  are  char 
racterized  by  rates  of  polymerization  several  times  above 
those  of  catalysts  prepared  from  pure  TiCls  or  TiCl2.  By  means 
of  qualitative  and  quantitative  changes  in  the  composition  of 
mixed  crystals  it  is  possible  to  control  not  only  the  rate  of  poly- 
merization, but  independently  of  one  another  also  the  molecular 
weight  and  the  polymer  tacticity.  The  influence  of  the  inorganic 
catalyst  component  on  the  rate,  of  polymerization  and  the  pro- 
.perties  of  the  polymer  is  discussed. 


Resume 

Les  catalyseurs  heterogenes  pour  la  polymerisation  des  a- 
. olefines  — surtout  du  propylene  — se  cqmposant  des  derives 
d’aluminium-alkyle  et  des  cristaux  mixtes  du  TiCls  ou  du 
TiCl2  avec  des  clorures  metalliques  du  II®  jusqu’au  VIII®  groupe 
du  systeme  periodique,  sont  caracterises  par^  une  vitesse  de  poly- 
merisation depassant  plusieurs  fois  celle  obtenu  avec  le  TiCls 
ou  TiCl2  pur.  Par  des  changements  qualitatifs  ,et  quantitatifs 
,de  la  composition  des  cristaux  mixtes  on  pent  regler  non  seule- 
ment  la  vitesse  de  la  reaction,  mais  aussi  le  poids  moleculaire 
et  la  tacticite  du  polymfere.  On  discute  de  l’ influence  du  compo.- 
sant  inorganique  stir  la  vitesse  de  la  polymerisation  et  sur  les 
proprietes  du  polymere. 
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BJlHflHHE  nPHMECEtl  THQA 
flOHOPOB  HA  nOJIHMEPHSAI^HIO  HPOHHJIEHA, 
KATAJlHSHPyEMyiO  CHCTEMO0  TPEXXJIOPHCTblW 
THTAH  — TPH3THJTAJTI0MHHHH 

K.  Be  ceA  fi . Am6  p o otc,  JP,  B u a ti  m]  O.  F aM  pj/cu  k 

(MexqcjiOBaHiiH) 


06a  KaxaJiHTHHecKHx  KOMnoneHTa,  npaMenaeMBie  iipii  uoJiapHo- 
KoopAHHHpoBaHHOH  nojiHMepii3an.nH  a-OJie$HHOB,  jierKO  pearn- 
pyiOT  c coeAHHeHHHMH,  B MOJieKyjie  KOTopHx  naxoAHTCH  axoM  co 
CB060AHOH  3JieKxpoHHOH  napoH,  y xpHBXHJiajiiOMHHHH  cxpeMJie- 
HMe  aanoJiHHXb  aJieKxpoHHyio  JiaKyny  ajiioMHHHa  xaK  CHJibHO, 
Mxo  3X0  BeiAecxBO  cymecxByex  npii  HopMajibHbix  ycjioBHHX  b 
KaaecxBe  A^Mepa  c mocxhkoboh  cxpyKxypoii  xpexAeHxpoBMX  op- 
6hx. 

TpH3XMJiajiioMHHHH  o6pa3yex  c AonopaMH  KOMnjieKCHLie  cogab- 
ueHHH.  HeKoxopue  113  hhx  xak  cxa6HJibHH,  axo  hx  mo^kho  iioa- 
Bepraxb  ahcxhjijihahh  h nonHXKH  pasAeJieHiiH  na  MCxoAHHe  kom- 
liOHeHXbi  aacxo  BeAyx  k AecxpyKu,HH  Bceii  MOJieKyjibi  [1], 

OAHaKo  AOHopH  axaKyiox  ne  xoJibKo  xpii^xHJiajiiOMHHHH.  Ilo- 
BepxHOCXb  xpexxJiopHcxoro  xnxana  AGHCXByex  b Kaaecxse  CHJibHoro 
aACopSenxa.  HepexoAKbiH  MexajiJi  (Ti)  c ne  cobcgm  sanoJiHeHHHMw 
d-op6HxaMH  H nenapHLiM  oJieKxponoM  npeACxaBJiaex  inapoKiie 
B03M0JKH0CXH  AJI>1  XeMOCOp6AHn  KaK  OJie(|)HHOB,  XaK  II  MOJieKyJI, 
coAep>KaiAHX  axoMbi  V h VI  rpynn  nepHOAHaecKon  CHCxeMH.  ^Jia 
KaxaJiHsaxopa-noJiynpoBOAHHKa  (TiCls)  Ba>KeH  xaKHie  xox 
(j)aKx,  Bxo  npoBOAHMOcxb  MOHOKpHCxaMOB  oSjieraaex  npoii,eccbi 
3JieKxpoHHOH  nepeAaHH  npn  aACop6AHii  ii  peaKAHii  na  noBepx- 

MOCXH. 

IIpK  xeMOCop6i;HH  ojig^hhob  iiacxynaex  nepexoA  :r-3JieKxpo-. 
HOB  abohhoh  CBH3H  B HesanojiHeHHbie  op6HXbi  nepexoAHoro  Mexaji- 
Jia.  noAo6Hoe  BsaHMOAeHCXBiie  npoiicxoAHx  c MOJieKyjiaMH,  HMeio- 
lAHMH  CBoSoAHyK)  sjieKxpoHiiyK)  napy.  IIocjieAHHe  coeAHHeHiia, 
cnocoSHbie  k K00pAHHaii;Hn,  noKpbiBaiox  aacxb  aKXHBHOM  noBepx- 
hocxh;  HeKOXopbie  H3  hhx  AeiicxByioT  b KaaecTBe  KaxaaHTHHecKHx 
HAOB  II  BJIHHIOT  Ha  XOA  noJiHMepHsaAHH. 

22  Me»;^yHapoAHbifi  cHMnosHyM,  cei^UHH  2 007 
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BsaiiMOAeiicTBiie  ^onopoB  b nojiiiMepH3aij,HOHHOH  ciicxeMe  Slijio 
MCCJieflOBaHO  ^HJiaTOMeTpEHCCKHM  MGTOAOM  [2].  TpH9THJiaJIH)MH- 
HHM  npH  xeMnepaxype  nojiHMepH3ai],Hii  BaHMOAewcxByex  c nojiap- 
HLiMH  iipiiMecHMH  H o6pa3yex  KOMnJieKCBi,  Koxopbie  B ftajiBHeiinieM 


Pile.  1.  Bjiiiflime  H-6yTMjjoBoro  cniipTa  iia  cKopocib  j)eaKii;im  (iipii 
^eiicTBHH  criiTpTa  c TpH3TiiJiaJiiOMmiiieM). 

9 ocHOBHOii  nojiiiMepHsaaiioHHLiii  oriux  (HiiCTaa  cHCTCMa)  ©noBiuHeHiie  CKOpocTH  peaKumi 
iipHOaBJieHHeM  0,23;  0,27;  0,44;  0,6;  0,68  h 0,75  mojih  OyTHjiOBoro  cniipTa  Ha  MOjib.TpHaTiiJi- 
ajiioMHiiiiH.x  pac'iex  Ha  xeopexiiHecKyio  cKOpocxb  (npejinojiaraH  oOpaaOBaime  HeaKXHBUo- 
ro  KOMHJieKca  1 ; 1)  b aaBMcHMocxii  ox  napacxoAOBaHHoro  xpiiaxiiJiaaiOMiiHim.  CnjiotDHaH 
JIHHHH  — CKOpOCXb  peaKpHH  B 3aBHCHMOCXH  OX  HOHBeHXpapiIII  XpiI9XIiaajIK)MHHHH  HHCXOH 
CHcxcMbi.  t = 50°,  [CaHfl]  = 2,33  MOjib/Ay  [TiClsl  = 0,77  e/ji,  pacxBOp  xpiiaxiui- 
ajiiOMiiHHH  = 0,695  jvtojib/yi,  Al/Ti=5,l 

xoAG  noJiHMepiiaaAiiH  npaKximecKH  y?Ke  hg  y^iacxByioT.  Ha  piic  1 
npHEGAenO  nOHH>KeHHe  oSiAGH  CKOpOCXH  pGaKAHH,  BLISBaHHOO 
BjmHHHGM  cnupxa.  OnBiTM  npoHSBOAMjiH  xaKHM  o6pa30M,  Hxo  npn- 
MGCb  ocxaBJiHJiH  iipH  XGAinepaxypG  nojiiiMGpHsa.AHii  b KOuxaKXG 
C AOS^ipOBaHHtlM  KOJIHHGCTBOM  XpHBXHJiaJIIOMHHHH  B CpGAe  H-VeU- 

xana;  HepG3  3 ^aca  npH6aBHjm  xpexxjiopncxLiii  xHxan  h MOHOMep. 

IIOHH^KGHHG  CKOpOCXH  pGaKII,HH  COOXBGTCXByGX  y6LIJIII  XpH3XllJI- 

ajiioMHHHH,  cnoco6Horo  oSpaaoBaxb  na  noBGpxHOCXH  xpGxxjiopn- 
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CToro  tiiTaHa  KOMnJieKCBi.  MoHoaJiKOKCHaJiioMiiHiiH  iie 

:iiBJiHeTCn  noJiiiJMepii3aij,noHHo  aKTiiBHLiM.  SaBiiciiMOCTb  o6iii,eH 
CKOpOCTM  .nOJlMjtepH3aH,HH  OT  KOHU,eHTpaiI,HH  TpHDXHJiaJIIOMMHHH 

6LTJia  onHcana  paiiLme  [3], 


Phc.  2.  IloHiiJKeiiiie  CKopocTii  peaKi^iiii  n aaBiiCMMOCTii 
OT  KOimeiiTpai^HH  TpiioTHJiaJiTOMiiimH  noA  bjihh- 

HHeM  ;;OIIOpOB, 

O aaeTOH,  a yKcycHooTHJiOBLJH  a^np,  x aTiuiMepKariTaii,  0 fliiaTiui- 

awHH,  * TpHOeiiaiijiaMHH 


noflo6HHe  saBHCMMocTH  (iiHaKTPiBaii,HH  1 : 1)  6lijih  noJiyneHR 
TaK>Ke  c ji;pyriiMH,  Kiicjiopoxi,-,  asoT-  pi  cepycoAep»tain,PiMH  coe;:^pi- 
HeHHHMH,  KaK  noKaaapio  pia  puc,  2.  Cjio^HLie  9(|)HpH  pi  rajioH^- 
aHni^ppi^Bi  oprammecKPix  kpicjiot  o6pa3yiOT  c TpHaTHjiajiioMHHMeM 
HeaimiBHBie  KOMnjieKCBi,  1 : 2,  KOTOpBix,  no  apiajpomn  c pisbg- 
CTHBIMJJ  peaKAHHMH  MGTaJIJIOOpraHHHeCKPIX  COGAHHGHHII  n^PIHKa  M 
MarniPH,  mojbho  npeA-ao>KPiTB  cjreAyK)nj,yio  pGaKri;pioiPHyio  cxeMy; 


CH3 


G = 0 + Al2(C2H5)6 


C21-150 


I ^Calls 

C2H5 


^CH 

C-CzH 


5 

C2H5 


^0C2H5 

+ AI-C2H5 
'^C2H6 


nppi  peaKAHax  TpiiaTiijiajiioMPiiiprfi  c AonopaMPi  naAO  ynPixBi- 
BaxB  BjiPiHHne  npocxpapicxBGiiHBix  (|)aKxopoB,  nxo  AOKasLiBaiox 
OHBITBT,  HanpiIMGp,  C XpoXHTOBIMll  aMPlHaMPI,  lipPI  KOXOpBIX  aaMG- 
CTPiTGJiPi  6oJiBuiero  o6x>GMa  npenaxcxByiox  oGpaaoBaHnio  komhjigk- 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


COB  (cm.  TpH6eH3iiJiaMiiH,  pile.  2).  9to  obiJio  noATBep>KAeHO,  KpoMe. 

H3MepeHHH  AIIJiaTOMeTpiPieCKMM  MCTOAOM,  XaKJKe  KOHXpOJieM  H3Me- 
HeriHH  AiiaJieKxpHHecKOH  nocxoHHHoii  npH  peaKii;nH  xpnaxHJiajiio- 
MHHHH  c AOHOpaMH  [4].  OiiLiTLi  (pHc.  1 H 2)  6bijih  npoBe/i;eHi>i 
c KOHii;eHxpan,MHMH  xpnaxHjiajiioMHHHH,  cooxBexcxByiomHMH  o6jia- 
exH  nepcA  MaKCiiMajiBHoii  cKOpocxbio  peaKri;HH  (pHC.  1).  Ilpn 


BpeMP,  MUH 

Phc.  3.  XoA  HopMaJihiiOH  noJiHMepiiaaUHii  ii  nojiiiMepnaaAHii  c npii6aHJi  - 

HIieM  BO  AH. 

‘ 1 — HopMajibHtiii  iioBUMepHaaunoHHbiii  ouut,  t = 50^,  LCaHeJ  = 2,33  MOAii/A  [TiCia]  = 
= 0.80  e/ji,  [AlEt,]  = 3.5  -fO-*  MOAb/A\  2 — npa  ' npnOaBjieHBH  8,5-10-5  H^O, 

TPH9THJiaaiOMHHHil  fl03HpoBaH  sapaHce;  3 - npn  npHOaBjiemm  xoro  we  caMoro  HO.Tiimoc- 
•TBa  HgO;  TpexxjiopHCTHtt  ththh  rtoniipoBan  aapanee. 


BMcmHx  KOIl^eHTpa^liHX  xpii3TiiJiajJK)MimnH  (o6jiacxb‘nocjie  isiai:- 
CHMyMa)  H npH  iipnGaBJicHim  neGoJiBirioro  KOJiii^ecxBa  AOHopon 
cKOpocxb  peaKii,nii'  noBbiciiJiacB,  m^to  cnoBa  noATBep>KAa6X  Hajm^HC 
aaBHCHMOCTIl  CKOpOCXII  peaKAllH  OT  KOHACHXpaAHH  XpHaXHJiaJIH)- 
MHHHH.  ToJIbKO  npH6aBJIHH  GOJlblUee  KOJIII^eCTBO  AOHOPOB  (KOTAa 
KOHi];eHXpaii;HH  xpHaxujiajiiOMHHHH  6biJia  nn/Ke  onxnMyMa),  mbi 
BBisBaJiH  noBTopHoe  noHiiJKeHHC.  OAsaKO  npnSaBJiHH  AOHopi>^v 
MBi  He  AOCTHrJiH  oAHHaKOBoii  CKopocTH  peaKAHH  B onxHMyMe, 
KRK  y HHCXOii  CHCXeMBI.  XOXH  OXKJIOHeHH'H  HBJIHIOXCH  He6oJIBlIII1“ 
MH,  MOHCHO  CHHXaXb,  HXO  o6pa30BaBinHHCH  KOMHAeKC  XpH3XHJiaJIIO- 
mhhhh  — AOHop  MOJKex  5Bixb  xaK5Ke  B MeHbmeii  Mepe  aAcopSHpoBan 
akxHBHBiMH  n;eHxpaMH  h-  xaKKM  o6pa30M  BBTSBaxb  noHiiTKeniie  cko- 
pocTH  peaKAHii  (xa6A:  1), 
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Ecjih  ftOHOp  aj^copGMpyeTCH  na  TpexxjiopHCTOM  Tnxane  m mo- 
;^K^Ki;MpoBaHHiJH  TaKHM  o6pa30M  KaTajiHsaxop  HcnoJitayeTOi 
B noJiiiMepHaauini,  to  npii  AiaJitix  KOJiii^ecTBax  Aonopa  ero  bjiiui- 
HHe  na  napaMexpH  nojiiiMepHaaij^Hii  Ka^ecTBenno  oAHnaKOBo, 
KaK  H B TOM  cjiynae,  ecjiii.AOnop  BBeAeii  iienocpeACTBeHHO  b noJiw- 
MepH3aii;HOHHyio  cacTeMy,  OAHano  b nepBOM  cjiy^ae  H3MeHeHB>i 
B napaMGTpax  noJiHMepH3aii,nii  npoHBJiaioTca  SoJiee  HHTeHCHBHO. 
B noJiHMepHsai^HOHHoiT  ciiCTeMe  b^^ckthbhoctb  Aonopa  aacTaano 


PhC.  4.  BJIHHHHe  AOHOpOB  Ha  CKOpOCTb  peaKAHM. 

O cos.  X CS2,  A (CHa)2S.  • C2H6SH,  ■ H2S.  □ CO.  ^ HaO 
i ==  50®C,  [C,H,]  = 2.33  MOAb/A,  [TiCl,]  = 0,77  bJa,  [AlEt,]  = 3.5-10“2  MOAb/A 


ocjia6jieHa  HeHTpajiM3ai];HeH  npricyTCTByion],HM  TpaaTHJiajiioMii- 
HHOM.  Ha  pnc.  3 npHBeACH  xoa  noJiHMepHsaAHH  b npncyTCTBHa 
HeSoJibmoro  KOJiHAecTBa  boabi.  KoMnoneHTBi  KaTajiasaxopa  6hjim 
AOsapoBaHH  b paBJiMAiiOM  nocjieAOBaTeJibHOCTH.  OxBexjinBee  Bcero 
npoHBJifleTCH  BJIHHHHe  npHMecH,  ecjiH  nepBHM  AoanpyiOT  xpex- 
XJIOpHCTHH  THTHH  (KpHBaH  3,  pHC.  3)*,  HH  3TO  yKaSHBaiOT  AOJirHii 
HHAyKAHOHHtIH  HepiIOA  H UOHHH^eilHe  CKOpOCTH  peaKAHH  AH^KG  HOC- 
JIG  ■ HCTeHeHHH  3Toro  nepHOAa.  Ha  xoah  npHBGAetaHX  hojihmgph- 
aaAHH  BHAHO,  HTO  CnOCo6  npH6aBJieHHH  KaTaJIHTHHGCKHX  KOMHO- 
HGHTOB  HMGGT  6oJIbinOG  SHaHeilHG  B CHCTGMG,  COAepHCaiAGH  HpH- 
MGCHi 
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Ha  pile.' 4 npiiBeffeHH  iiSMeneuM  b CKopocxax  peaKi!;Mii  b aa- 
BHCHMOCTH  OT  MOJIHpHOrO  OTHOmeHHH  H pH CyTCTBy  10111,6X0  AOHOpa. 
HaMeneHiiH  Smjih  HccjieAOBanBi  npn  onTiiMajibHOM  OTHomenHH 
ajiioMHHHH  K THTany  B saBHCHMOCTH  OT  CKopocTH  peaKi};iiH.  Kaxa- 
jiHTHHecKHe  KOMnoHeHXbi  6hjih  ^oanpoBaiiM  Sbicxpo,  o^^hh  aa 
SpyrHM,  B w-renxaiie  c flOHOpOM,  iipHneM  xpiiaxiiJiajiioMHiiiiH  ^i;o- 
anpoBajiH  nepeA  xpexxjiopncxMM  xiixaiiOM.  Ha  rpa(|)HKa  bhaho, 
HTO  CaMLIMH  CHJIBHLIMH  KaTaJHITHHeCKIIMH  HAaMH  HBAHIOXCH  Cep- 
HHCTHH  KapSoHHJi  COS,  cepHHCXLiii  yrJiepoA  CS2,  okiicb  yrjiepoAa 
CO  H TH09(|)HpLI  R2S,  XO  GCXb  BeiAGCTBa,  BJIHHHIie  H KOOpAHlia- 
AHOHHaH  chocoGhocxb  KoxopHx  H3BecxHLi  A^^KG  H3  ApyrHx  KaxajiH- 
THHGCKHX  HpoAGCCOB.  CGpycoAGp>Kain;HG  coGAHHGHHH  nnrH6Hpyiox 
HOaHMGpHaaAHK)  CHJIbHGG,  HGM  KHCJIOpOACOAGpH^aiAHG.  J^JIH  KHC- 

JiopoAcoAGpH^aipHx  cogahhghhh  b oxjihhhg  ox  cepycoAepH<aiTj,HX 

MO>KHO  IIpGAnOJTOJKHXb,  ^XO  B03HHKmHe  HOBGpXHOCXHBIG  CBfl3M  llpH 
xeM0C0p6i];HH  iimgiot  b aHaqHxejibHOH  MGpe  MOHHbiH  xapaKxep. 

T a 6 Ji  H u,  a 1 

SaBHCHMOCTb  CKOpOCTH  peaKU,IiH  OT  ydblJBI 
TpHaTIIJiajIIOiMITHHfl  BJIHHHHGM  O2  HpH  KOHUGH- 
TpailHHX  TpHBTHJiaaiOMHHHH  Bbiuie  OnTHIViaJlbHhlX 


AlEta, 

MOAb-\0^/jl 

TiCU, 

s/ji 

O2, 

jvtojib  ■ ioyji 

A" -103  [MHII-l] 

8,67 

0,75 

. — 

7,2 

8,67 

0,75 

0,86 

7,5 

8,67 

0,75 

1,73 

7,6 

8,67 

0,75 

2,59 

7,0 

■ y>Ke  paHbme  [3]  6lijio  BbiBGAGiio  ypaBHeimG  A'^^a  oGiagh  cko- 
poexH  peaKAHM 

-d{M)  ffpA„A^AlSl[M][A] 

"'i-  dt.  -(H-A„[MH-A^[A)  + 7v^[i)|)2-  (1) 

rffle  . 

/cp  — KOHcxaHxa  cKopocxH  poexa; 

— paBHOBGCHaa  KOHCxanra  js^na.  copSuiiH  MOHOMGpa; 

— paBHOBGCHaa  Koiicxanxa  a™  cop6tj;hh  xpHaxHjiajiio- 
MHHBa; 

i^D — ^paBHOBGCHaa  KOHCxanra  ajih  cop6n;Hn  AonopoB; 

[S]  — aKTHBiiaa  noBGpxHOCxb; 

[A]  — KOHUGHXpapHa  XpHBTHJiaJIIOMHHHa. 
npGABapHXGJibHaa  oiiGHKa  cop6n;HOHHOH  paBHOBGcriOH  KOHCxaii- 
xbi  Ad  ajih  oxAeJibHbix  npHMGCGii  6bijia.  npoHBBGAeHa  xaKHM  o6- 
paaoM,  axo  noAcxaBJieHHGM  b ypaBHenwG  (1)  Slijih  paccaHxaHbi 
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stianeHM  cnabUBix  iinrHSMTopoB  m3  iisMeHeHHH  CKopoc- 

TH  peaKn^uM,  BbiSBaHHLix  OTAejibHHMH  jj;oHopaMH,  npeAHOJiaraa, 
BTO  3TPrX  ’BeiAGCTB  DA  pHAOM  C MJieHOM  DS  B paBHOBGCini 

* D + S + A ^ DS  + DA 

HBJiaeTCH  ripeHeSpeHaiMBiM. 

Snaaemia  TaKiiM  o6pa30M  noJiyaeHHLix  KOHCTanT  iipMBeAGHH 
B xaSji.  2. 

T a 6 n Ti  j;  a 2 


. PaBHOBGCHWe  KOHCTaHTbl  COp6AHM 
^pHOpOB 


AOHOp 

cos 

2,4.10* 

CS2 

1,7-10* 

(CH3)2S 

4,1.10* 

H20 

1,3.10* 

H2S 

0,.5-'l0* 

^oKasaiio,  aio  Msyaemie  iiHrii6Hpyioiu,ero  abhctbhh  iipMMeceH 
jia  reTeporeimyK)  noJiHMepHsaAiiK)  HBaaeTca  hoblim  mgtoaom,  ko- 

TOpMH  npGACTaBJIHGT  B03M0H<H0CTb  OAGHHTb  aACOpSAHH)  B JKHAKO- 
CTHX  Aa>Ke  B o6jiaCTII  KOHAGHTpaAHH,  lipn  KOTOptlX  OCTaJTBHLTe 
MGTOAbT  HGAOCTaTOBHO  ByBCTBHTGJEbHM. 
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Summary 

The  authors  have  studied  the  infruence  of  some  typical  oxy- 
gen-, sulphur-,  and  nitrogen  — containing  impurities  on  the  po=- 
lymerization  of  propylene  in  a hydrocarbon  medium  under  the 
catalytic  action  of  titanium  trichloride  and  aluminium  triethyl. 
Both  these  catalyst  components  used  in  polar-coordinated 
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polymerizations  of  a-olefins  are  very  reactive  toward  substances 
having  atoms  with  a free  electron  pair.  Aluminium  triethyl  forms 
complex  compounds  with  these  substances.  Some 'of  the  comple- 
xes are  so  stable  as  to  allow  distillation;  attempts  to  isolate  the 
original  components  often  lead  to  the  destruction  of  the  ^vhole 
molecule.  Donor-type  compounds  do  not  attack  aluminium 
triethyl  only;  they  also  attack  titanium  trichloride  which  displays 
the  properties  of  a strong  sorbent.  The  transitional  metal  (Ti) 
with  incompletely  occupied  d-orbits  and  a lone  electron  gives 
ample  opportunities  for  chemisorbing  molecules  of  olefins  as 
well  as  molecules  containing  atoms  of  the  fifth  and  sixth  groups 
of  the  periodic  table. 

Donor-type  substances  were  studied  on  the  one  hand  from 
the  viewpoint  of  the  interaction  with  the  separate  catalyst  compo- 
nents (the  influence  of  the  so  modified  catalyst  on  the  polymeri- 
zation being  studied)  and  on  the  other  hand  from  the  viewpoint 
of  the  influence  of  the  donor-type  substance  during  the  course 
of  polymerization,  i.  e.  their  effect  on  both  unmodified  catalyst 
components  (including  the  active  complex)  simultaneously. 
Changes  of  the  principal  characteristics  of  the  polymerization 
process  (viz.  the  over-all  rate  of  reaction,  the  molecular  weight 
and  the  percentage  of  amorphous  matter)  have  been  followed-. 

It  became  evident  that  the  interaction  between  the  donors 
and  the  solid  phase  of  the  catalyst  is  governed  by  rules  of  absorp- 
tion (excluding  cases  involving  deeper  changes  of  the  solid  phase 
during  the* reaction  such  as  e.  g.  its  dissolution).  Compounds 
which  have  been  sorbed  influence  the  characteristic  of  the  poly- 
merization process  in  a significant  manner.  They  come  into  play 
more  intensely  than  the  products  of  the  interaction  of  donor- 
type  substances  with  aluminium  triethyl  which  generally  result 
in  the  formation  of  complex  compounds  not  influencing  the  course 
of  polymerization  so  strongly. 

It  has  been  found  that  from  among  the  characteristics  studied 
the  overall  rate  of  polymerization  is  the  one  which  is  most  affec- 
ted by  the  presence  of  substances  with  free  electron  pairs.  With 
minor  exceptions  the  molecular  weight  was  found  to  increase 
through  the  agency  of  the  admixtures.  A similar  relationship 
has  been  found  to  hold  for  the  percentage  of  amorphous  matter 
as. well. 


Resume 

On  a etudie  T influence  de  quelques  composes  typiques  conte- 
nant  I’oxygene,  le  soufre  et  I’azote  sur  la  polymerisation  du  pro- 
pylene catalysee  par  le  systeme  trichlorure  de  titan  et  aluminium-  ♦ 
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ethyle.  Tous  les  deux  composes  du  systeme  catalytique  employe* 
dans  la  polymerisation  polairement  coordinee  des  a-olefines  sont 
tres  reactifs  vers  les  composes  qui  ont  des  atomes  avec  un  couple 
d’ electron  libre.  L’ aluminium  — ethyle  forme  des  complexes 
avec  ces  composes.  Quelques  uns  de  ces  complexes  sont  si  stables 
qu’on  pent  les  distiller  et  les  efforts  pour  separer  les  composantes 
originales  aboutissent  habituelement  a la  destruction  de  la  mole- 
cule, Les  donneurs  n’attaquent  pas  seulement  T aluminium  — 
ethyle,  mais  aussi  le  trichlorure  de  titan,  qui  possede  des  propri- 
etes  d’un  absorbent  fort.  Ce  metal  de  transition  (Ti)  possedant 
des  orbites  D occupees  incompletement  et  un  electron  celibataire 
presente  de  larges  posibilites  a la  chemisorption  des  olefines  et 
des  molecules  contenant  des  atomes  du  V®  at  VI®  groupe  du  sy- 
steme periodique. 

Les  composes  du  type  donneur  ont  ete  etudies  d’une  part  du 
point  de  vue  de  1’ interaction  avec  les  composantes  catalytiques- 
separees  (Linfluence  de  ces  catalyseurs  ainsi  modifies  sur  la  poly- 
merisation etant  etudiee)  et  de  T autre  part  du  point  de  vue  de 
Taction  du  donneur  pendant  la  polymerisation,  c’est-a-dire  sur 
toutes  les  deux  composantes  catalytiques  (et  sur  le  complex  actif) 
en  meme  temps.  On  a suivi  le  changement  des  parametres  prin- 
cipaux  de  la  polymerisation,  cest-a-dire  la  vitesse  de  reaction  to- 
tale,  le  poids  moleculaire  et  la  teneur  en  partie  amorphe. 

On  a trouve  que  Tinteraction  entre  donneur  et  la  phase  solide 
se  dirige  par  les  lois  comunes  a Tadsorption  (sauf  le  cas  on  il  arri- 
ve pendant  la  reaction  a des  transformations  de  la  base  solide  plus 
profondes  — par  exemple  la  dissolution).  Les  composes  adsorber 
influencent  d’une  fa^on  decisive  les  parametres  de  la  polyme- 
risation. Ils  se  manifestent  plus  intensivement  que  les  produits* 
provenants  de  la  reaction  du  donneur  avec  T aluminium  — ethyle 
qui  conduissent  en  general  a la  formation  des  composes  comple- 
xes qui  n’ influence  pas  tellement  la  polymerisation. 

On  a trouve  que  parmis  les  parametres  etudies  le  plus  influen- 
ce par  la  presence  des  composes  contenant  un  atome  avec  un  pair 
d’ electron  libre  est  la  vitesse  de  polymerisation  totale.  Avec 
des  exceptions  insignifientes  le  poids  moleculaire  augmente  sous* 
Tinfluence  des  ingredients.  La  teneur  en.  parties  amorphes  suit  une 
dependence  analogue.  ^ 
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HSyHEHHE  ©AKTOPOB,  riPHBOflflJUHX 
K HAPyniEHHK)  CTPyKTyPbl  U,EnH 
nPH  HOHHOH  nOJIHMEPH3AI],HH  flHEHOB 

E.  A,  Jizon,fiocn 

(CCCP) 


noJiMMepH3aii;HH  AHenoB  noA  BJiiiHHiieM  JiHTiiMopraHM^ecKHX 
'CoeABHeHHH  npHBOAHT  K nojiyBemiK)  noJiiiMepoB  c GoicbniMM  coAop- 
^KasHeM  (ao  90%  h 6oJiee)  l,4-3BeHbeB  b Aenn.  Kbk  noKaaano  phaom 
iiccjiftAOBaHHH,  Ao6aBJieiiHe  KOMnjieKcoo6pa3yH)iii,HX  Beiii,ecTB  (npo- 
CTtie  3$HpM,  CyjIB^HABI  II  T.  H.)  3liaTOTeJIfcHO.  yBeJIHBHBaGT  KOJIH- 

^ecTBo  1,2-  (h  3,4-)  sBenbeB  b ii;enH.  HsMenenHe  cocxaBa  iiaoMepiiLix 
^opM  6biJio  iiaMH  oSnapyrneiio  [1]  npii  Hay^ieHim  iiHSKOMOJieKy- 
jiapiibix  JiHTiiHopraiiHHecKHx  coeAHHemiii.  Cmgcb  kpotmjijiiithh 
II  3-JiMTini6yT6Ha-l  b yrJiGBOAopoAHLix  pacTBopnxGJiHX  a^gt  npii 
pa3JIO>KGHHH  CMGCB  6yTGHa-l  H 6yTGHa-2  B COOTHOmGIIHH  1:1. 
OAHaKO  xa  >KG  CMGCB  JIHXHIIOpraHHHGCKHX  COGAIIHGHIlii  npH  pa3JI0- 
>KGHHH  B npiICyXCXBMH  94)Hpa  A^GX  CMGCb  yKasaHHBIX  OyXGHOB  B coox- 
HOUIGHHH  5:1. 

Ha  3XHX  A21HHHX  CJIGAyGX,  HXO  yCJIOBMK  npOBGAGHIIH  pGaKAilH 
BaMGXHO  BJIHHIOX  Ha  paBHOBGCHG  H30MGpHBIX  $OpM  MGXaJIJIOOpraHII- 
HGCKHX  cogahhghhh  aJiJiHJiBHoro  xiina.  Biixxiir  [2]  ycxaiiOBiiJi,  hxo 
jiHXHiiopraHHHGCKHG  C06AHHGHHR  HaxoAHTCH  B pacxBopax  B 

piI30BaHH0M  COCXOHHHH.  BhOJIHG  B03M0>KH0,  HXO  aXHM,  B HBCXHOCXII, 

oSjiGrnaGxcH  npoxGKaHiiG  HSOMGpiiaaAHOHHoro  aKxa,  b pcsyjiBxaxG 
Koxoporo  OAHa  H3  MOJIGKyJI  npGXGpHGBaGX  II30MGPH0G  lipGBpaUJ^GHlIG, 
.a  ApyrsiH  ocxaGXCH  hghbmghhoh.  9xo  mo>kho  npGACxaBHXB,  Hanpii- 
MGp,  CJIGAyiOIAGH  cxgmoh: 

M — CH2— GH  -GH  — CHg 

" GH3-CH  i ^ GH3-GH-GH =gh2 

11  . I - • ‘ I 

GH  * M 

• M-^CHs— CH  = CH  — GHa 

tag  M — lAGJIOHHOil  MGXaJIJI. 
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rioAoSHbie  npe7i,CTaBjieHiiH  MoryT  Smtb  npnMeiieHLi  m o6bhc- 
HeniTH  MexaHH3Ma  o6pa30BaHHH  ipic-  H TpaHC-3BeHteB  B u,emi 
B npoi];ecce  noJiHMepH3aia;HH.  IIocKOJibKy  npHMoii  nepexOA  u,hc±:^ 
tpaiic-(|)opM  H30Mep0B  Tpe6yeT  3HaTOTeJibHoii  aHepniii  aKTiiBa- 
.Tp[H,  6oJiee  BepoHTHMM  Kan^eTCH  TeneHne  peaKi^iipi  no  cxeMe: 

— CHo—  CH 

ll  ^ •—  CH2—  CM  — CH  = CHa;::^  K — CH.—  CH 
M— CHa-CH  I ^ il 

M HC  — CHaM 

B TaKOM  cjiynae  mo>k.ho  nojiaraxb,  nxo  na  cocxoaHiie  paBiioBe- 
cnn  naoMepHMX  (J)opM  b ii.enn  Moryx  OKasLiBaxn  Bjiiiniine  ynoMnny- 
Tbie  Bbime  (|)aKxopbi,  a nsoMepiisai^Hn  KpoxHJijmxnn  b 3-JiHxiiii- 
6yxeH-l  noA  BjinanneM  npocxbix  3(|)iip6B  mokgx  paccMaxpnBaxbcn 
ijaK  iMOAOJib  peaKAiiii,  npoxeKaion^Mx  b npoAecce  pocxa  ii;enii 
npH  nojiMMepH3aii,iiH  AHeiiOB  noA  BjinanneM  jiiixniToprainineCKnx 
coeAHHennH.. 

Hapyiuenne  cxpyKxypbi  noJinMepnoii  u;enM  BCJieACXBiie  o6pa- 
aoBaniia  xpano-SBenbeB  ao  nacxoaiAero  BpeMeiiii  csaabiBa^ocb 
xojibKO  c BJiHaniie^r  4)ii3iinecKMx  n xiiMimecKiix  ocoSennocxeii  na- 
xajiHsaxopoB  iia  xapanxep  npHCoeAHHenna  ^roHOMepa  (Anena) 
B xoAe  npoAecca  noJiMMepM3aij;Hii. 

OAnaKO  napyraenwe  peryjiapnocxn  cxpyKxypbi  mojkgx  6bixb 
pSycjioBJieno  xaKJKe  H30Mepii3aii;HeH  Aiic-SBenbeB  roxoBoii  nojin- 
MepnoM  n;enii  b xpanc-sBeiiba  noA  BjinanneM  KOMnonenxoB,  npji- 
MenaeMbix  A-J^ta  BoaSya^Aeniia  npoi;ecca  noAHMepiiBaAiiii.  HaMjr 
6bTJio  noKaaaiio,  axo  kaxajiiisaxopbi  Hoimoro  xnna  — ajiiOMHHnH~ 
opraniiaecKHe  coeAniieHna,  rajiorennAbi  xnxana,  rajioiiAOBOAopoA- 

Hbie  KHCJIOXbl  — BbI3bIBaiOT  TipH  HI13KIIX  XGMnepaxypaX  AHC- 

TpaHC-n30MepH3au,HK)  SBenbeB  iiaxypajibnoro  Kayayna.  Bo3Mo>k- 
Hocxb  npeBpamenna  i],nc-l,4-3BeHbeB  A xpairc-BBenba  panee  6MJia 
noKasana  roJiy6oM  [3]  npii  HccjicAOBaHim  AeiicxBHa  na  nojniSy- 
xaAiieH  y-oSjiyaeHiia  lum  yjibxpa(J)HOJiexoBbix  Jiyaeii  b iipncyx- 
cxBHH  oprannaecKiix  coeAHiieHnn,  coAepJKaiAiix  axoMbi  6poMa 
H cepbi.  B iiaxypajibiiOM  Kayayne  xanoro  poAa  npon,eccbt  ocyiAe- 
■cxBJieiibi  [4]  c iicnojib30BaHHeM . aJiGMeiixapnoro  CGJiena  npn 
xGMHGpaxypax  120 — 200"^.  AnajioriiaHMG  A^nnwc  iiMGioxca  b paAC 
pa6oT  KooHGHa  [5],  Koxopbiii  o6HapyH^MJi  iiBOMGpiisyioiAGG  Aeil- 

CXBIie  XllOJIOBbTX  KPICJIOX,  A^^CyJIb^HAOB  M AByOKTICH  CGpbT. 

nsyaenna  ii30MGppi3yK)ni,ero  BJmaHna  KaxajniaaxopoB, 
noHHoro  xnna  mm  nojibsoBajiPicb  6GH30JTbHbiMii  pacxBopaMii  Bajib- 
AOBaHHoro  naxypajibiioro  Kayayna  b axM0C(J)6pG  cyxoro  aproiia. 
OripGAeJiGHHG  oxHOCHXGJibHoro  coAep^Kaiiiia  HHC-xpanc-sBGiibeB  110- 
JiHii3onpGHa  npon3BOAMJin  no  PiH(J)paKpacHbTM  cnGKxpaM  (nojioca 
norJiom^Gnna  npn  ~840  ej\r^). 

Peayjibxaxbi  nccABAo^anpia  MHKpocxpyKxypM  ncxoAnoro  o6pa3- 
i^a  naxypajibHoro  nayayna  n o6pa3AOB,  noABGprnyxMX  AeiicxBPiio 
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T a 6 ji  H n n 

HaoMepnaauHH  2%-Horo  pacxBopa  naTypaabiioro  Kay'iyKa 
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^ ^ K 
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K 

CTpyKxypa  iienii  (co- 
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KaxanHaaTop 

^ o S 

oj  . cr 
cr  rt  O 
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rt 
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90 
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10 
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32 

1 

0 
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10 

90 

10 

68 

29 

2 

1 

— 

TiCU 

50 

90 

10. 

13 

78 

6 

3 
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TiCU 

. 10 

SO 

1 

^ 74 

21 

4 

1 

75,4;  72,8- 
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10 

90 

20 

’ 44 

, 51 

4 

1 

68,-5;  64,5- 

TiJ4 

50 

60 

15 

42 

' 55 
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; 0 

: 61 

AlEits 

10 

90 

10 

49 

- 47. 

2 
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, AlEtaCl 

10 

90 

10 

58 

40 
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1,0 

30 
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1,0 

90 

10 

- 85 
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AlEtClo 

5,0 

30 

10 

75 

24 
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0 

— 

AlEtGU 
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28 
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H30MepH3yK)ii;HX  areHTpB,  npHBeAeHbi  b Ta6jiHu,e  ii  na  pnc.  1 m 2,. 
r^e  noKaaano  coAepjKauHe  h;hc-1,4-,  TpaHG-1,4-,  1,2-  h 3,4-koh(J)h- 
rypauiHH  h3  pacnexa  na  coAep^Kamie  3BeHbeB  c abohhoh  CBHSbio,. 

)A3  npHBeAGHHHX  ^aHHBIX  BHAHO,  HTO  COAepH<aHHe  TpaHG-3BeHbeB 
BospaGTaex  g yBeJiH^eimeM  KOHAeHTpan,HH  H30MepH3yioiii,ero  aren- 
xa  H npoflOJiJKHxejibHOCTH  ero  aghgtehr  h c noBbunenneM  xeMne- 
paxypu  BsaHMOAeHGTBHH.  IIpoAeccbi  H30MepH3an,HH,  npoxeKaio- 
lAHe  noA  BjiMHHHeM  yKasaHHUX  arenTOB,  conpoBOJKAaiOTCH  cy- 
TAecTBeHHHM  yMeHbmeHiieM  cxenenH  iienpeAeJibHOCTH  noJiHiviepa.. 
SnaTOTeJibHoe  noHH>KeHHe  cxeneHii  iienpeAeJibHOCXH,,  npn  coxpa- 
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.HeHWid  pacTBopuMOCTH  noJiMMepa,  o6ycJioBJxeHO,  uo-BiiAitMOMy, 
B cJiynae  aJiiOMHHHHraJiOHAajiKHJioB  ii  rajioreHHAOB  THTana,  b oc- 
ixiOBHOM,'  nponieccaMii  BHyTpnMOJieKyjiHpHOH  ii;HKJiH3au,Hii. 


B npHcyxcTBHH  xflopHCToro  Boflopofta  noHHJKenHe  CTeueiiM 
"nenpeAeJibHOCTH  Mo^ex  Buxb  CBnaano  xojibko  c anxaMH  npiico- 
eAMHeHHH  xjiopncxoro  BOAopo^a  k AsomxHM  cbhshm,  hxo  hjijuo- 
■cxpnpyexcfl  AannuMH,  npHBeAeHHbiMn  na  pnc.  1 h 2.  CoAep>KaHite 
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UpMCoeAHHeHHoro  x^bpucTorb  BOAopo^a  booTBeTCTByeT  yMCHbrne- 
HHK)  HeHacLiin,eHHOCTH  AenH.  C yBejiH^eniieM  npoAOJiJKHTejimo- 
CTH  H TeMnepaTypLi  BBaiiMOAeMCTBiia  nenpepbiBHO  noHim^aeTca 
neHacLiiAeHHOCTB  (KpHBBie  1 iia  piic.  1 ii  2),  noBBiniaeTca  otho- 
CHTejibHoe  coAepjKaHHG  xpaHC-sBenbeB  (npHEbie  2)  h nenpepbiBHO 
yBGJiHHHBaeTca  coAepjKaHiie  xjiopa  b noJiHMepe  (KpHBbie  3).  Kaa 
BHAHO  113  pile.  2,  npOAeccbi  ii30MepH3ai],mi  Aenii  m npHCoeAiiHenHa 
xjiopHCToro  BOAopoAa  iiaaiiiiaiOT  npoxeKaTb  ya^e  npii  TeMnepaxype 
MHHyc  70°  H CHjibHO  ycKopaiOTca  npii  noBbrniemiH  TeMnepaxyphi. 

MexaHii3M  onHcaHHLix  npoAeccoB,  no-BHAiiMOMy,  c jieAyioiu,ii a : 


G = G + AX- 


A — X 


it30Atepu3ai(u^i 


itoMMAenc 

24 

n'podynm  n%m.coedunenxiH- 


HeycTOMaiiBbiii  KOMnjieKC  Moacex.  pacnaAaxbca  c BbiAeJieHiieH 
HCxoAHbix  BeiAecxB  iijiii  c oSpasoBaHiieM  npoAyKxoB  npiicoeAHiieima. 
UsoMepHsaAiia  mojkgx  npoxGKaxb  na  ripoMGJKyxoHHbii  oxbahh 
pacnaAa  KOMHJiGKca.  . 

OnpGAeJiGHHaa  CHMbaxiiocxb  Me5KAy  npou,eccaMH  Aitc-xpaiic- 
lI30MepH3aa,IIH  SBGHbGB  II  npiICOeAHHGHHGM  XJIOpiICXOrO  BOAOpOAa 

iiaxoAHXca  b corjiaciiii  c npeAJioKGHHOH-  cxgmoh  upoAGCca 

HGpacTBopHMbiG  KaxajiiixiniGCKHG  KOMnjiGKCbi,  odpaayioiAiieca 
apM  BsaiiMOAGiicTBiiH  MGxajiJioopraHiiaecKiix  cogahhghiih  c aoxhi- 
pexxjiopiicxBiM  xiixanoM,  coAep>Kax  cojih  BoccxaHOBJiGHHoro  xiixaiia, 

B OCHOBHOM  KOXOpBIH  JIGPRO  OKHCJIHGXCa  AO  Ti^  + . B CBaSll 

c saAaaeii  BBiacneima  npapoABi  BxopiiaHBix  pGaKAiiii,  apoxGKaio- 
lAiix  B xoAe  paapyineHiia  axiix  KaxajiimiaecKHX  KOMnjiGKcoB  npii 
BBiAGJiGHim  KayayKOB  H3  pacxBopOB  ii  paapaboxKii  nyxen  hx  yexpa- 
HGHiia  iisyaajiH  peaKAHio  oiaicjiGHiia  TiClg  KiicjiopoAOM  ii  rnApo-* 
nepGKHCbio  ii3onpbnHJi6eH30Jia  b yrjiGBOAopoAHBix  ii  boahbix 
cpGAax. 

PeaKAiia  OKHCJiGiiiia  b noA  BJiiiaHHGM  rHAponGpGKiicii 

conpoBo^KA^exCH  pasBHXHGM  paAiiKajibHBix  npoi],eccoB,  npHBOAfl- 
iJj,Hx  npii  KOMiiaxHOH  XGMnepaxype  k MraoBenHOMy  cxpyKxypiipo- 
BaHiiH)  nojiHii3onpGHa  h nojnibyxaAHGiia  b yrJiGBOAopoAHBix  pac- 
xBopax;  3xa  peaKAiia  Mo>Kex  bbixb  3(|)(|)gkxiibho  iicnoJibsoBaiia  a-^h 
iiHHAHHpoBaHHH  noJiiiMepiisaAiiH  npii  xennepaxype  ao  Mimyc 
50°  [6].  . 

IIpoAecc  OKMCJiGHiia  b micJiopoAOM  b yrJiGBOAopoA- 

HBix  cpGAax  xaK>KG  conpoBOKA^exca  o6pa30BaiiiieM  cboSoahbtx 
paAiiKajiOB,  iiiiHu;iiiipyH)ai;iix  npii  KOMiiaxHOii  xennepaxype  r.ny- 

^ PaSoia  BbiiiojTiieHa  coBMecxiio  c KpoiiaHeiioH,  BoJiAtipeaow,  HejihcoiioAL 

KponaMeBLiM. 
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6oKyio  oKiicjiHTejibHyio  Ae'CTpyKi^iiio  ii,uc-noJiuii3onpeHa  h b Meat- 
laeii  cxeneHii  — pnc-noJiH6yTaflHeHa.  ' 

ripopecc  CTpyKTypnpoBaiiHH  h flecxpyKpHH  KaynyKOB  b yrjie- 
Bo^opOAHHx  pacTBOpax,  xaK  >Ke  KaK  h npoii,ecc  nojiHMepiiaau^HM 
B boahlix  aMyjiLCHHX  noAaBJiaexCH  b npiicyxcxBHii  paAa  HHrii6M- 
xopOB.  PeayjibxaxLt  iiayaemiH  npopeccoB,  npoxeKaioiij,HX  npii 
OKiicjiemni  Ti^+  b b yrjieBOAopoAHBix  h boaubix  cpe^ax,  iia- 
MeaaiPx  nyxii  paapyuieima  KaxajiiixiiaecKoro  KOMnjieKca  6e3,Ha- 
cjioeHPia  BxopiiaHBix  peaKAiiii,  npiiBOAaiAHX  k yxyAaieiiiiio  MaKpo- 
cxpyKxypLi  H CBOHCXB  nojiiii[3onpeiia  ii  nojiHGyxaAiiena 

B XOAB  o6pa30BaHHa  KOMnjieKCHHx  KaxajiiiaaxopoB  Ll,iirJiepoB- 
CKoro  xiina  113  xpirajiKHJiajiioMiiHHa  m rajioremiAOB  MexajiJioB 
npoiicxoAHT  paA  npeBpaiii,eHiiH,  npiiBOAfliAMX  k o6pa30BamiK)  cjio>k- 
HOn  CMGCH  npOAyKTOB,  HAieiOmilX  B CBOGM  .cocxaBo  AiiajiKPijiaaio-. 
MIlHHTixaopiIALI  II  MOHOaJIKII.XaJIIOMllHHilAIIXJIOpHAI>I. 

HaMH  6lijio  ycxaiiOBJieHO,  axo  ajiKiiJiajiiOMiiHioiraaoreHiiABi 
npeACxaBJiaiox  co6oh  3(J)(|)eKXHBHBie  KaxiioimLie  KaxajiiiaaxopH 
noJiHMepiisaAiiH  a-0Jie(|)HH0B,  ahbhob  ii  coeAinieHiiM  c okmchlimh 
AiiKJiaMH.  TaK,  axiiJiaaioMHmiHAiixjiopiiA  6liji  iipiiMeHeii  npii 
nojipiMepH3aAiiii  HsoSyxHJieaa  npii  iih3Khx  xGMnepaxypax  (ao. 
Miiiiyc  110°).  npOAGCC  noJiHMGpnaaAHii  npoxGKaox  c BbicoKoii 
CKopocxbio  II  AaGx  bosmojkhocxb  nojiyaiixb  nojiiiiisoSyxiiJiGH  ii  cro 
COnOJIlIMGpbl  C II30npGIl0M.  IIOA  BJIIiaHlieM  BXIIJiaJIIOMHHIIHAH- 
xaopHAa  m AH3THJiajiioMHHHHxjiopMAa  noJiyaGii  noJiiiMGp  3,3-6iic- 
(xjiopM6XHJi)oKcaAiiKJio6yxaHa.  CBoiicxBa  axoro  nojiiiMGpa  anajio-- 
niaiibi  yKasaHHbiM  panee  aBxopoM  iiacxoaiAGro  AOKJiaAa,  nojiy- 
• aHBmiiM  3XII  noJiHMepLi  b npncyxcxBiiii  Kaxiiomibix  KaxajinaaxopoB 
BF3,  SnCl4  II  X.  n.  npii  nojiiiMepM3aii;HH  ai^bhob  (OyxaAiiBaa  ii 
H3onpGHa)  noA  BJiHamiGM  BxiiJiajiioMnHimxjiopHAa,  a xaKjKG  TiCk, 
oSpaayioxca  aMop(|)iibiG  HGpacxBopiiMbiG  nojiiiMGpLi  c oacHb  blico-  . 
Koii  xGMHGpaxypoii  paaMaraGinia  (410  h 370°,  cooxbgxcxbghho). 
AiiaaoriiaiibiG  upGapaipenHa  npcxGpnGBaGX  naxypajibabiii  Kayaya 
b pacxBopax  no  a BjniamiGM  TiCk  ii  BxnJiajiioMHHHnxjiopiiAa.  Hpii 
3X0M  xaK>KG  o6pa3yioxca.  aMop({)iiLiG,  noponiKooOpasubiG  hojihmg- 
pbt  c XGMfiepaxypoii  paaMaraeniia  370°.  Moa^no  nojiaraxb,  axo 
XaKHG  BLICOKIie  XBMHGpaXypbl  oOyCJIOBJIGIILI  OCo6GnHOCXbK)  cxpyKxy- 
pti  nojiHMGpiiOH  AGHH,  HanpiiMGp  iiaanaiiGM  KOHABHCHpoBamibix 
niGCxnajiGHHLix  ahkjiob.  TaKiie  aiikjibi  Moryx  o6pa30Baxbca  nan 
BcaGACxBHG  BxopnaHoii  noJiiiM6pii3an,Hii  3BGHbGB  nojinSyxaAHGHO- 
BOH  H nOJIHHSOnpGHOBOH  AGHGII,  COGAIIHeilHblX  B nOJIOH^GHHII  1,2- 
H 3,4-,  xaK  H OjiaroAapa  nocjiGAyioiAHM  npcBpaiAGimaM  Biiyxpen-  . 
HHx  ABOiiiibix  CBaaGii,  o6pa30BaBmHxca  * npii  nojiHMepH3ai],nn 
B nojiGH^eniiH  1,4. 

npii  abhcxbhh  ajiKHJiMarHiiiirajiorGHHAa  na  pacxBopLi  1,4-nojTii- 
oyxaAiiBiia  Ha6jiK)AaGxca  aiiaaiixeabiiOG  yMOiibuiGHiiB  HGiiacbimcH-  . 

^ PaSoxa  BtinoJiiieHa  cobmgctiio  c EejiOHOBCKoii,  HepiioBoii. 
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HOCTH  H noBbimeHHe  TeMnepaxypH  CTeKJiOBaHiifl  noJiHMepa  npw 
oAHOBpeMeHHOM  coxpaneHHH  ero  pacxBopHMOCTH,  hxo  CBAsaHO, 
no-BHAHMOAiy,  c npoxeKaHHeM  npoi];eccoB  BHyxpHMOJieKyjiapHoii 
n;HKJiH3an;HH  no  Mecxy  AHajiJiHJiBHHX  cBRseii  ^.  IIoHHHceHHafl  nena- 
CHmeHHOCTb  HaxpHH6yxaji;HeHOBHx  KaynyKOB  (okojio  85%  ox  xeo- 
peX.)HaXOAHXCB,  nO-BHAHMOMy,  B CBfl3H  c yKasaHHLTMH  npon,eccaMH. 
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Summary 

Ether  induced  isomerization  of  crotyllithium  to  3-lithium 
butene-1  may  be  regarded  as  a model  of  reactions  taking  place 
in  the  chain  growth  process  during  organolithium  initiated  diene 
polymerization..  In  this  reaction,  as  is  well  known,  ethers  and 
other  complexating  agents  considerably  increase  the  number 
of  1 — 2 (and  3—4)  links  in  the  chain. 

Various  ionic  type  catalysts  (organoaluminum  compounds, 
titanium  halides,  hydrohalic  acids)  induce  the  cis-tra‘ns  isomeri- 
zation of  units  of  the  polymer  chain  (natural  rubber)  at  low  tempe- 
ratures. The  process  is  accompanied  by  a significant  fall  in  degree 
of  unsaturation  of  the  polynier.  Apparently  the  reaction  mecha- 
nism is  as  follows: 

G—  C 


G = G- 


AX 


isomerization 


_ A — X 

complex 

12 

addition  product 


:ci==  C1+  AX. 


The. oxidation  of  Ti^"^  to  Ti^"^  under  the  influence  of  peroxides 
is  accompanied  by  the  formation  of  free  radicals,  initiating  low 
temperature  polymerization  of  monomers  or  structuration  of 
rubbers. 


^ Pa6oTa  BHnojmena  cobmcctho  c KpoiianeBLiM,  Kpoua^eBOH  w re.njiep. 
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The  oxidation  of  Ti®+  to  Ti^+  effected  by  hydroperoxides  in 
hydrocarbon  media  is  also  accompanied  by  radical  reactions, 
leading  to  oxidation  and  degradation  of  the  polymers.  These 
secondary  reactions  are  depressed  by  the  conventional  inhibitors 
of  radical  reactions. 

Alkylalumohalides  formed  during  interaction  of  alkylalumo- 
nitrites  with  halides  of  variable  valency  metals  are  efficient  ca- 
tionic catalysts,  inducing  the  polymerization  of  isobutylene 
and  (3,3-bischloromethyl)-oxacyclobutane. 

During  polymerisation  of  butadiene  and  isoprene  in  the  pre- 
sence of  alkylalumochloride  amorphous,  insoluble  polymers 
are  formed  with  very  high  softening  temperatures  (410  and  370°  C., 
respectively). 

Similar  conversions  are  undergone  by  natural  rubber  in 
solution  under  the  influence  of  titanium  tetrachloride  and  alkyl- 
alumochloride. Under  the  action  of  alkylmagnesiumhalides 
1,4  polybutadiene  in  solution  shows  a considerable  loss  in  degree 
of  unsaturation  and  an  elevation  of  the  glass  temperature,  pre- 
serving at  the  same  time  its  solubility,  which  evidently  is  due 
to  the  occurrence  of  intramolecular  cyclization  at  the  diallyl 
links.  Apparently  associated  with  such  processes  is  the  diminished 
unsaturation  of  sodium  butadiene  rubber  (ca.  85%  of  the 
theoretical). 


Rbsume 

L’ isomerisation  de  lithiumcrotyle  en  3-lithium-l-butene  sous 
r influence  des  ethers  peut  etre  consid4ree  comme  model  pour  les 
reactions  qui  se  deroulent  dans  le  processus  de  la  croissance  de 
chaine  pendant  la  polymerisation  des  dienes  sous  I’influence  des 
organolithiens.  On  sait  que  dans  le  dernier  cas  les  ethers  et  d’autres 
composes  formant  les  complexes  augmentent  consid4rablement 
la  quantite  1—2  (et  3—4)  des  motifs  dans  la  chaine. 

Divers  catalyseurs  du  type  ionique  (organo  — aluminiums, 
galogenures  de  titane,  acides  hydrohalogeniques)  provoquent 
a basse  temperature  cis-trans-isomerisation  des  motifs  de  chaine 
polymerique  accomplie  (du  caoutchouc  naturel).  Ce  precede  est 
suivie  par  une  dimunition  sensible  de  non-saturation  du  poly- 
mere.  Le  mecanisme  de  la  reaction  a ce  qu’il  parait  consists  en 


C = C -I-  AX 


isomerisation 


;G  = G + AX 


complexe 

21 

produit  d* addition 


23  MejKAyHapoflHbifl  cHMnosHyM,  ceKUHH  2 
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L’oxydation  Ti®+  en  Ti'‘+  sous  I’influence  des  hydroperoxydes  , 
est  suivie  par  la  formation  des  radicaux  libres,  amorgant  a bas- 
ses temperatures  les  processus  de  polymerisation  des  monomeres 
ou  de  structuration  des  caoutchoucs. 

L’oxydation  de  Ti*+  en  Ti^+  sous  I’influence  de  I’oxygene 
en  milieux  hydrocarboniques  est  aussi  suivie  par  le  developpe- 
ment  des  reactions  radicaliques  menant  a I’oxydation  et  a la  de- 
struction des  monomeres.  Ces  reactions  secondaires  sont  repri- 
mees  par  les  inhibiteurs  ordinaires  des  processus  radicaliques. 

Aluminium  — alcoylgalogenures  qui  se  forment  au  cours  de 
I’interaction  de  1’ aluminium  — trialcoyle  avec  les  galogenures 
des  metaux  a une  valence  variable  sont  des  catalyseurs  cationiques 
effectifs  provoquant  la  polymerisation  d’isobutylene  et  (3,3- 
bischloromethyl)-oxacyclobutane. 

Dans  le  cas  de  polymerisation  de  butadiene  et  d’isoprene 
sous  I’influence  de  I’aluminium  — alcoyldicbloride  on  obtient 
les  polymeres  amorphes  et  insolubles  a tres  haute  temperature  de 
ramollissement  (respectivement  410°  at  370°  C). 

Les  transformations  analogiques  sont  subies  par  le  caoutchouc 
nature!  dans  les  solutions  sous  I’influence  du  tetrachlorure  de  ti- 
tane  et  de  I’aluminium  — alcoyldicbloride.  Dans  le  cas  de  Taction 
du  magnesien  aux  solutions  de  1—4  polyhutadiene  on  observe 
une  diminution  considerable  de  non  saturation  et  Televation  de 
temperature  de  transition  du  polymere  avec  la  protection  simul- 
tanee  de  sa  solubilite,  ce  qui  est  lie  apparemment  aux  deroule- 
ment  des  processus  de  cyclisation  intramoleculaire  suivant  les 
liaisons  diallyliques.  La  non  — saturation  positive  des  caoutchoucs 
sodium  butadieniques  (environ  85%  de  theorie)  est  evidemment 
liee  avec  les  processus  indiques. 
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HSyMEHHE  B3AHM03EHCTBHfl 
MArHHflOOPrAHHqECKHX  COE^^HHEHHII 
C COJIHMH  THJKEJIbIX  METAJIJIOB  H HCnOJIbSOBAHHE 
MArHHHOPrAHHqECKHX  COE/^HHEHH  0 
H KOMHJIEKCOB  HA  HX  OCHOBE  flJIH  B03ByHCAEHHa 
nOJIHMEPH3A0HH 

B.  JI.  Bpyca^uMCHuu,  Ban  0o-cyn^ 

A,  n*  Kaeynenno 

(CCCP) 


Cpe^H  MHoroHHCjieHHHx  HCCJieAOBaHHH,  nocBamemiux  noJiHMe- 
pii3ai];HH  Ha  KaxaJiHaaTopax  I^nrJiepa,  OTcyxcTByioT  pa6oxBi  no 
CHCxeMaxHHecKOMy  HayaenHio  MarnHHopraHHHecKHx  coeAHHCHHii 
Kan  KOMHOHeHXOB  KOMHJieKCHHx  KaxajiH3axopoB . npeflnpHHHMaa 
pa6oxy  b 3xom  HanpasjieHHH,  mli  cxpeMHJiHCB,  HapHji,y  c nojiyne- 
HHeM.6oJiee  hojihhx  AaHHBix  o noJiHMepH3aii,HH,  bbihchhxb  npn-^ 
pofly  npoMe?KyxoHHHX  cxa^HH  BsaiiMOfleHcxBHa  MarnniiopraHH- 
HecKHx  coeAHHeHHM  c cojiaMH  xaH<ejiHx  MexajiJioB.  Mbi  nBixajiHCB 
BBiacHHXB,  npoxoAHX  an  3xh  peaKij;HH,  aacxo  npHBoaHn^He  K bo3- 
HHKHOBeHHH)  aKXHBHBix  KaxaaiixuHecKHx  KOMnaeKcoB,  aepea  cxa- 
AHio  o6pa30BaHHa  cbo6oahhx  paAHKaaoB.  IIpea^Ae  Bcero  naMW 
6yAyx  HsaojKGHH  A^tHHBie  HMeuHO  no  3X0My  Bonpocy. 

BaaiiMOAeHCTBHe  MarHiiiiopraHHMecKHx  coeAi«ieHHH 
c xaopiiAaMH  Ko5ajibTa  h xHTana 

Co  BpeMGHH  pa60XBI  KOHflBipeBa  H OoMHHOH  [1]  H3BecTHO^ 
axo  peaKH.Ha  MOJK^y  MarHutraaoreHaaKHaaMH  h coaaMH  xa>KeaBix 
MexaaaoB  (Fe,  Co,  Cu  h Ap.)  hphboaht  k oSpaaoBanHio  yraoBOAO- 
poAOB  3a  caex  aaKHaBHBix  nan  apnatHHX  rpynn  hcxoahofo  Mar- 
HHHopraHHaecKoro  coeAHHenna.  Hohbi  xa>KeaBrx  MexaaaoB  Boccxa- 
HasanBaioxca  npn  axoM  ao  hhskhx  BaaenxHHX  cocxohhhh  nan  aO' 
Mexaaaa , HanpHMep : 

2G2H5Mg  X + MeXa  ^ C2H6+  C2H4+  2 Me.  (1) 

qaiAe  Bcero  noaaraiox,  axo  yKasaHnaa  peaKn,Ha  npoTeKaex 
no  CBo6oAHopaAHKaaBHOMy  MexannsMy  (nanpHMep,  [2--4]),  xoxa 
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cymecTByex  h npoTHBonoJiOKHaa  ToaKa  apenHa  [5,  6].  Ha  oaho 
H3  3THX  aaKaioaeHHH  ae  aBJiaexca  aKcnepHMenxaJibHO  AOKaaanHHM. 

G aeJibto  BHacHenna  Bonpoca  o npapoAe  npoMejKyxoanHX 
cxaAHH  peaKAHH  (1)  HaMH  6hjio  Hayaeno  BaaHMOAeicxBHe  Marnaa- 
6poM3xaJia  c xJiopacxHM  Ko5aabxoM  a c xpex-  a aexHpexxJiopa- 
cxMM  xaxaaoM  b apacyxcTBaa  OKaca  aaoxa,  cxapoaa  aa-MexaacTa- 
pojia.  Bee  axa  coGAanenaa  KoaaaecxBeaHO  yaaBjiaBaiox  CBo6oAHiiie 
paAHKajiH,  6aaroAapa  aeMy  aayaeaae  ax  Baaaaaa  aa  bhxoa  h 
cooxHomekae  mg^kay  axanoM  a axHJieHOM  npeAcxaBJiaex  coSoa  npa- 
MOH  nyxb  aJih  ycxaHOBJieaaa  CBoSoAHOpaAaKaatHHX  cxaAaa, 
B cjiyaae  BoaaaKHOBGHaa  b xoAe  peaKAaa  cbo6oahhx  paAHKaAoB 
G2H6*  ,npacyxcxBae  aKAenxopoB  cbo6oahlix  paAHKaaoB  Aoa>KHO 
fitiao  6h  noaaocxbK)  acKaioaaTb  oSpaaoBaaae  axaaa  a aTaaeaa., 
noKaaaao,  OAaaKO,  axo  apa  npoBGAenaa  peaKAaa  MeacAY  narnaa- 
6poM3xaaoM  a xaopacxbiM  Ko6ajiLxoM  apa  xeMaepaxype  ox  — 20 
AO  40°  OKacb  aaoxa,  cxapoJi  a a-MexaacxapoJi  ae  BHSHBaiox  yMeat- 
menaa  BHxoAa  axaaa  a axajieaa  a ae  Bjiaaiox  aa  cooxBomeaae 
MGHCAy  aaMH.  AaaaoraaaHG  peayabxaxti  6HJia  aoJiyaeaH  aana 
Aaa  BsaaMOAeacxBaa  MaraaaSpoMaxaaa  c TiGk  a TiCls  [7,  8] 
(xa6ii.  1). 

TaGjiima  1 


BsauMOAcncTBne  MarHHfi6poM8THJia  (M)  c xjiopHAaMH  KoSajifexa  h TiiTana 
(MeX)  B AHHSoaMHjioBOM  a^ope 


MeX 

MojiapHOe 

OTHOme- 

HMe 

t,°c 

^ J 
W- 

2-  2 rt 

« W H 

2 {2  a 

ft  p?  g 

AHHenTOp  (A) 

Blixoh,  % OT 
TeopeT. 

I 

HanMeHOBaHHe 

<0 

S <u 

DC  0 

R w 2 

2 ” w 

s 0 w 

BTaH 

BTHJieH 

C0CI2 

1:4,8 

40 

5 

13 

11 

1 :4,8 

40 

5 

a-MexHJiCTHpoji 

10 

12 

12 

1:4,1 

—20 

7 

— 

— 

15 

12 

: 1:4,1 

-20 

7 

CTHpOJI 

14 

15 

13 

TiCU, 

1 : 1,6 

20 

2 

f 



52 

20 

1 : 1,3 

20 

2 

Okhcl  aaoxa 

1 

54 

21 

TiCli 

.1:1,3 

20 

20. 

GxnpoJi 

- 38 

56 

23 

TiClg 

1 :2,4 

100 

5 





32 

13 

1 :2,4 

100 

5 

Okhcb  aaoxa 

1 

32 

12 

» OKHCt  aaoTa  6ap6oTHpoBajiH  nepea  peaKi^HOHHyio  CMecb  Ha  npoTHmenaH  Bcero 

onura.  ^ ' 
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H3  nojiyneHHHx  pesyjifcfaTOB  cjieflyex,  ^to  peaKi^HH  uemfly 
MarHHH6poM3THJiOM  H xJiopnAaMH  THTana  H Ko6ajibTa  He  npoxoAHT 
Hepes  CTa^HK)*  o6pa30BaHHH  cbo6oahi>ix  pa^HKajicB,  no  KpanneH 
Mepe  B H3yHeHHHx  HaMH  TeMnepaxypHHx  npe^ejiax.  K TOMy  »e 
3aKJiioHeHHK)  npHBO/jjflT  pe3yjibTaTH,  noJiyneHHHe  naMH  npn  nayne- 

HHH  B3aHMOAeHCTBHH  MarHHHOpraHHHeCKHX  COeflHHeHHH  C XJIOpH- 

CTHM  KoSaJibTOM  B yrJieBOAopoAHon  cpe^e.  OxMeTHM,  hxo  bo  Bcex 
cjiynanx  cyMMapHHH  bhxoa  axana  n axHJiena  cyiii,ecxBeHHO  oxjih- 
naexcH  ox  xeopexHHecKoro.  fljiH  cncxeMM  c yHacxneM  xJiopncxoro 
Ko6ajibxa  axo  He  CBnaano  c xenenneM  KaKHx-JiH6o  no6oHHbix  npo- 
neccoB,  xaK  kbk  blixoa  yrjieBOAopoAOB  cxanoBHxcH  KOJiHHecxBen- 
HHM,  eCJIH  no  OKOHHaHHH  BSaHMOAeHCXBHH  pa3JIOJKHXB  peaKAHOH- 
HyK)  CMecb  BOAOH.  CHCxeM  c ynacTHeM  xjiopnAOB  xnxana,  ajih 
Koxoptix  BHXOA  axana  anaraxeJibHO  npeBuinaex  buxoa  axHJiena, 
3X0  HBJieHHe  BH3BaHO  HBCXH^HOH  noJiHMepH3aii;HeH  axHJiena  noA 
BjiHHHHeM  KOMnjieKca,  o6pa3yK)in,erocH  npn  peaKninn  Me>KAy  cojih- 
MH  xHxana  n MarHnH6poM3XHnoM.  OcHOBanneM  ajih  noAo6Horo 
BHBOAa  cjiyncHT  xo  o6cxoHxejibcxBO,  hxo  b a^hhom  cjiynae  paaJio^ 
5KeHHe  peaKAHOHHOH  CMeCH  BOAOH  He  npHBOAHX  K KOJIHHeCXBeHHOMy 
BbiAeJieHHK)  yrjieBOAopoAOB  (xa6ji.  2). 

Ta6 jiHAa  2 

CyMMapHbiu  BbixoA  yrjieBOAopoAOB,  oSpaayiomHxca  npa  peaKAnn  Me»CAy 
MarHHH6pOM3TnjiOM  (M)  h xjiopHAaMn  MexajiJiOB  (MeX)  h npn  nocaeAyioiAeM 
pasjionceHnn  peaKAnonnon  civiecn  boaoii 


BhXOA,  % OT  TeOpCT.  1 

MeX 

MojiHpHoe 

OTHOmeHHe 

TeMnepaTypa, 

‘’C 

axan 

9TIIJieH 

Bcero 

C0CI2 

1:4,2 

20 

82 

15 

.97  . 

TiCU 

1 : 1,2 

20 

58 

20 

76 

TiCla 

1 :2,0 

0 

0 

64 

13 

77 

IIojiHMepHSai^HH  HCHacbin^eHHbix  yrjieBOAopoAOB  . 
nOA  BJIHHHHeM  CHCTCMbl  [C4H9MgJ  + (C4H9)2Mg] TiCl4 

CBeAeHHH  0 nojiHMepH3aniHH  AnenoBbix  yrJieBOAopoAOB  b npn- 
CyXCXBHH  KOMHJieKCHblX  KaxaJIH3aX0p0B  OrpaHHHHBaiOXCH  KpaXKHMH 

ynoMHHaHHHMH  B pa6oxax  [9,  10],  npnneM  xojibko  b oahoh  H3 
HHX  [10]  HCnOJlb30BaJlH  paCXBOpHMblH  MarHHHOpraHHHeCKHH  KOM- 
noHenx. 

Ilpn  coBAaHHH  KaxajiHXHHecKHx  KOMnjieKCOB  c yHacxneM  Mar- 

HHH  MH  HCXOAHJIH  H3  CBo6oAHOrO  OX  3$Hpa  paCXBOpHMOXO  B yXJie- 
BOAOpoAHOH  cpeAe  MaranfioprannHecKoro  KOMnonenxa  [C4H9MgJ  + 
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+ (C4H9)2Mg],  oSpaayiomerocH  npn  npoBefleniiH  MarHHHopraHH- 
qecKoro  CHHTeaa,  HanpHMep,  b KyMOJie  npn  noBtinieHHOH  xenne- 
paxype  [11],  B xa6ji.  3 npHseAeuM  ^aHHiiie  o cxpyKxype  hojih- 
Esonpena  h noJiHSyxaAHena,  noJiyHeHHHx  npn  paanHHHHX  cootho- 
BieHHHX  KOMnoHGHXoB  KaxajiHsaxopa. 


Ta6jiHi];a  3 

noJiBMepn3aii,BH  H3onpeHa  h SyraAHeHa  nofl  BanniineM  KOMnjieKcoB  MarHBii 
opraHH^ecKoro  KownoHeBTa  (K)  c BexbipexxaopHCTWM  THxaHOM  (T) 


MOHOMCp 

MojiHpHoe 

OTHomCHiie 

t,  °c 

CoAeptttaHne  SBenbeB  b nojiHMepe,  % 

1,4- 

3.4- 

1.2- 

AHC- 

Tpanc- 

Hsonpen 

1 : 1 

50 

0 

98 

2 

0 

1,5:1 

50 

84 

14 

2 

0 

2:1 

50 

35 

60 

4 

1 

4:1 

50  . 

33 

50 

15 

2 

2:1 

0 

70 

27 

1 

2 

ByxaflHeH 

4:1 

20 

22 

28 



50 

2:1 

20 

52 

42 

— 

6 

Cbhbb  MBJKAy  MHKpocxpyKxypoH  noJiHMepHOH  ii;enH  h cocxaBOM 
KaxajiHXH^ecKoro  komejibkcb  MOH<ex  6i»iti>  j^oKasana  peByjibxaxaMH 
Hsy^eHHH  oxHOCHxejibHoro  coAepjKanHH  paaJiH^HHx  BajienxHBix 
$opM  THxana  b KaxajiHXHHecKon  CHCxene  npn  pasJiHHHHx  hcxoa- 
HHx  cooxHomeHHHX  MGJKfly  KOMHOHeHxaMH  KaxajiHsaxopa.  TaiKHe 
AaHHHe  nojiy^GHBi  naiviH  noKa  xojibko  aijih  o^ihoh  xeMnepaxypti 
(xa6ji.  4). 

Ta6jiima4 

Ba  aHMOAeiicTBHe  MarHHiiopranH'iecKoro  KOMnoHenra  (K) 
c H exwpexxaopHCTWM  xHxanoM  npn  25°  b xe^enne  2 ^ac. 


Mojiapnoe 

OTHOmCHHe 

HaMflCHO  B 

Ti*+ 

ocaRKe,  % 

TiH- 

HaHReno  b 
(J)HJibTpaTe 
Ti*+,  % 

Bcero  HaiiReHO 
THTana,  % 

1 : 1 

0 

72,0 

26,0  ■ 

98,0  • 

1,5:1 

3 

96,0 

0 

99,0 

, 2:1 

19,3 

79,3 

0 

98,6 

4:1 

57,5 

37,6 

0 

95,1 
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Ta  >Ke  CHCTeMa  BecbMa  9(|)(j)eKTHBHa  ;hjih  nojiHMepH3au;HH  3th- 
Jiena  h nponHJiena.  noJiHMepH3aii;HH  nocjie/i;Hero  MOJKeT  6brTB 
ocymecTBJiena  npn  KOMnaxHOH  xeMnepaxype  6e3  npHMeneHHH 
BHemnero  AaBJienHH,  SaMena  ^exHpexxjiopncxoro  xnxaHa  xpex- 

XJIOpHCTHM  n03B0JlKeX  HOBLICHTL  COAepH^ailHe  KpHCXaJIJIHBieCKOH 
(|)paKii;HH  noJiHnponHJiena,  ho  noJiHMepHsaAHH  cxaHOBHxca  b axoM 
cjiynae  aanexHOH  xojibko  npH  80°  (xa6ji.  5). 


TaSjiHAa  5 

IIonnMepHdaAHH  nponnjieHa  nofl  BjinflHHeM  KOMnaeKCOB 
MarHHHopraHH«iecKoro  KOMnoHeirra  (K)  c xaopn^aMH  xHTana  (T) 


<D 

O p a K 

^ H a 

B 

o 

pacTBopHMaa  | 

HCpacTBopiiMaa 

K 

o 

B KunameM  renTaae 

T 

<D 

o 

R H 

CQ  O 

H O 

B w 

5 CP 

a 

K 

R 

o 

s 

W 

o 

X 

a 

a 

KpHCXaJI- 

JIHHHOCTb, 

% 

T.  njiaB- 
aCHHH , 

°C 

tt 

O 

X 

a 

n 

T.  njiaB- 
JlCHHfl:, 

°C 

TiCU 

2 

: 1 

50 

27 

41 

110—115 

23 

56 

160—165 

.4 

:1 

50 

29 

43 

110—115 

26 

60 

160—165 

TiCla 

4 

: 1 

80 

i 

27 

41 

110—115 

36 

64 

162—167 

UojiHMepHBaniHfl  Msonpena  noA  BJinaHHCM 
MarHHHopraHH^ecKHX  coeAHHennii 

B XOA©  HsyHeHHfl  npoii;ecca  nojiHMepH3aAnH  b npHcyxcxBHH 
KOMHjieKCHBix  KaxajiH3axopoB  c yHacTiieM  MarnnHopraHHHecKHx 
coeAHHeHHH  MBi  ycxaHOBHJiH,  Hxo  caMH  MarHHHOpraHHBiecKHe 
<)oeAHHeHHH  (6e3  coKaxajiHsaxopoB)  BBi3HBaK)x  noJiHMepii3an,iiK) 
Hsonpena  npn  noBBiineHHOH  xeMnepaxype  [12].  HacKOJiBKO  naM 
H3BeCTHO,  B JIHXGpaxype  OXCyXCTByiOT  CBeAeHHH  O B03MO}KHOCXH 
nojiHMepHaaAHH  AnenoBBix  yrJiesoAopoAOB  hoa  BJiHHHHeM  Marnnii- 
opraHHHecKHX  coeAHHeHHH.  B036y>KAeHHfl  nojiHMepHaaAHH 

MBt  HcnoJiBsoBajiH  CBo6oAHBie  ox  a(|)Hpa  MarHHnSyxHJiraJioreHHABi, 
AnGyxHJiMarHHH  h roMoreHHBie  chcxombi  [C4H9MgJ  + (C4H9)2Mg] 

H [CgHcMgCl  + (C6H5)2Mg].  IIojiHMepHsaAHio  npoBOAHJiH  "npH 
90°  H npH  KOHAeHxpaAHH  MOHOMepa  b pacxBope  okojio  60  moji.%. 
'OcHOBHan  oxJiHHHxeJiBHan  oco6eHHocxB  noJiHH3onpeHa,  nojiy- 
HeHHoro  B axHX  ycjiOBHHX,  3aKJiK)HaexcH  b xom,  hxo  oh  cocxohx 
npaKXHHecKH  hojihocxbio  H3  SBGHBeB  3,  4,  npHHeM  npHpoAa  rajiore- 
:Ha  B MarHHHopraHHHecKOM  coeAHHenHH  He  BJiiiHex  iia  MiiKpo-  " 
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CTpyKTypy  noJiHMepnoH  nienn  (Ta6ji.  6).  Sia  ocoSennocTb  npoHB- 
JiHGTCfl  B anaHSTeJibHOM  noBHmeHHH  TeMnepaTypH  CTeKJiOBaHHH, 

KOTopan  KOJie6jieTCH  ajih  yKaaaHHHx  nojiHMepoB  okojio  —10°. 
HecMOTpa  na  noHHJKeHnyio  HenacHmeEHOCTb  (okojio  80%)  see 
noJiHMepH  nomocTbio  pacTBopHMu:  b 6eH30Jie,  too  nosBOJiaeT  bh- 
CKaaaTB  npeAnoJioJKGHHe  o BHyxpHMOJieKyjiHpHoia  i],HKJiH3an;HH 
nojiHMepHOH  ii;enH.  KoMnjieKcoo6pa3yioin;He  arenTH  (flHaxHaoBHH 
3(|)Hp  H TpH3THJiaMHH)  aaMOTHO  HOHHJKaiOT  CKOpOCTb  nOJIHMepH3a- 
ii;hh  naonpena,  too  conpoBOHC^aeTCH  yMenBrnenneM  coAepneaHHa 
3BeHbeB  3,  4.  Ilpn  mojihphom  cooTHomeHnn  Meac^y  yKaaanHHMH 
areHTann  h MarHHHopraHHaecKHM  KOMnonenTOM,  paBHOM  2,  coAep- 
TKanne  aaenbeB  3,  4 b noJiHMepe  coctaBJiaeT  83 — 85%. 

IIoJiyaeHH  nepsue  Aanniie  o pacxoAOBaHHH  nepsHHHbix  Marann- 
opraHHEecKHx  coeAHHennH  b xoa©  npon;ecca  noJiHMepH3aii;HH.  IIpH 
HCXOAHOM  cooTHomeHHH,  paBHOM  0,02  H npH  rJiy6HHe'  nojiHMepn- 
aaAHH,  paBHOH  30%  pacxoAyexcH  okojio  70%  MaraHHoprannHe- 
CKoro  coeAHHeHHH. 


TaGjiHiia  6 


IIojiHMepnsaAHH  HBonpena  (H)  noff  bjihahhcm  MarHnSopraHHqecKHX 
coeAHHeHHii  (K)  b KyMoae  npa  90°,  MOJiapHaa  KOHAeirrpaAHfl 
nsonpena  50 — 65% 


K 

a 

o 

XapaKTCpHCTHKa  nojinwiepa 

HaHMeHOsaHHe 

Eh  a 
o g 

P 2 

R s 

R . 
o o 

K n 

§§ 

|s 

ti 

Is 

O' 

K 

S 

<0 

P, 

« 

g 

3 

w . 

• A 

ca  ffl 

o a PQ 

O H P 

^c. 

•c 

1 

[ri] 

Henacti- 

meHHOCTt^ 

% 

CucTeMa  MarHHii- 

HOASyTHJi  4*  ab- 
6yTHJiMarHHH 

0,003 

0,02 

20 

28 

96 

—9 

0,82 

84 

MarHHHXJiop6y“ 

99 

0,75 

77 

THJI 

0,003 

0,02 

40 

29 

— 

MarHHH6poM6y- 

0,84 

80 

THJI 

0,007 

0,04 

22 

20 

98 

.—12 

MarHHHHOAdyxHJi  . 

0,003 

0,01 

43 

14 

97 

—5 

0,88 

80 

MarHHHAHOyxHJi  . 

0,003 

0,02 

40 

12 

98 

— 

0,75 

80 

CncxeMa  MarHHH- 

XJIOp(J)eHHJl4-AHr 
$eHHJiMarHHH  . 

0,001 

0,007 

40 

8 

93 

-8 

0,92 

83 

JiHTepaTy  pa 

1.  H.  B.  K 0 H A bi  p e B,  A.  O o m h h a,  5KP0XO,  47,  190,  1915^ 

2.  M.  K h a r a s h,  E.  F i e 1 d s,  J.  Amer.  Chem.  Soc.,  63,  2316,  1941. 

3.  K.  Ziegler,  W.  Hechelhammer,  Liebigs  Ann.,  567,. 
56,  1950. 


360 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


4.  H.  G i 1 m a n,  R.  J o u e s,  L.  W o o d s,  J.  Amer.  Chem.  Soc.^ 
75,  3877,  3882,  1953. 

5.  E.  B i c k 1 e y,  J.  G a r d n e r,  J.  Org.  Chem.,  5,  126,  1940. 

6.  A.  W i 1 d s,  W.  Me  C o r m a c k,  J.  Org.  Chem.,  14,  45,  1949. 

7.  Ban  Oo-cyn,  B.  A.  on  Ji  o c k,  B.JI.Epyca- 

ji  H M c K H H,  Te3HCH  flOKjiaAOB  Ha  VIII  MeHfleJieeBCKOM  c'tesAe.  CeK- 
i;Hfl  opraHHHecKOH  xhmhh  h xexHOJiorHH,  MocKBa,  Hsfl.  AH  CCCP,  1959 
393. 

8.  Ban  Oo-cyn,  B.  A.  flojironjiocK,  B.  JI.  EpycaJinM- 

c K H H,  H3b.  ah  CCCP,  Ota.  xhm.  h.,  1960,  JVs  3.  ^ 

9.  B.  A.  0 JI  r o n JI  o c K,  JI.  M.  P o m a h o b,  B.  JI.  E p y c a - 

jiHMCKHH,  B.  H.  BoroMOJiBHHH,  Hohji.  AH  CCCP,  115, 
731,  1957. 

10.  J.  Furukava  et  al.;  J.  Chem.  Soc.  Japan,  Ind.  Chem.  Sect., 
61,  1353,  1958. 

11.  B r y c e - S m i t h,  G.  C o x,  J.  Chem.  Soc.,  1958,  1050. 

12.  Ban  Oo-cyn,  B.  A.  ,^OJI^onJIocK,  B.  A.  EpycaJiHM- 
c K H H,  BHCOKOMOJieK.  COCA,  2,  JVs  2,  1960. 


Summary 

The  nature  of  the  intermediate  stages  of  reaction  between  orga- 
nometallic  compounds  and  heavy  metal  salts  still  remains  to  be 
elucidated.  This  reaction  which  can  be  utilized  to  initiate  poly- 
merization leads  to  the  formation  of  hydrocarbons  from  the  alkyl 
or  aryl  groups  of  the  initial  organometallic  compound.  Thus 
ethane  and  ethylene  are  formed  on  interaction  between  ethylmag- 
nesium  halide  and  the  salts  of  cobalt,  copper,  titanium,  etc. 

With  the  purpose  of  throwing  some  light  on  the  nature  of  the 
intermediate  stages  of  this  reaction  we  undertook  a study  of  the 
behavior  of  a number  of  systems  of  the  type  MgRX  — Me^X^  in 
the  presence  of  the  free  radical  acceptors,  styrene,  methylstyrene 
and  nitrogen  oxide.  We  showed  that  these  agents  affect  neither  the 
yield  nor  the  ratio  of  the  hydrocarbons  formed  according  to  the 
scheme: 

Me^i] 

RMgX -R  {+  H)  + R (-  H). 

This  leads  to  the  conclusion  that  there  are  no  free  radical  stages  in 
this  reaction,  at  least  for  the  cases  investigated. 

In  contrast  to  the  majority  of  published  procedures, — for  prepa- 
ring the  magnesium— containing  catalyst  complexeswe  employed 
an  organomagnesium  component  (C4H9MgI  + (C4H9)2Mg)  free  of 
ether  and  soluble  in  the  hydrocarbon  medium.The  catalyst  produced 
from  the  interaction  of  the  above  component  with  titanium 
tetrachloride  was  used  to  polymerize  ethylene,  propylene,  buta^ 
diene  and  isoprene. 
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The  ratio  of  monomer  units  in  the  polydiene  chain  is  to  a con^ 
siderahle  extent  determined  by.  the  ratio  of  the  catalyst  compo- 
nents. A study  of  the  composition  of  the  complexes  formed  on  va- 
riation of  the  component  ratios  showed  that  a correlation  exists 
between  the  polymer  structure  and  the  relative  Ti"^^  and  Ti"^^  con- 
tents in  the.  catalyst. 

The  organomagnesium  compounds  have  been  found  capable 
‘Of  initiating  alone  (in  the  absence  of  the  cocatalyst)  the  polyme- 
rization of  isoprene  at  elevated  temperatures.  The  polyisoprene 
produced  under  such  conditions  contains  about  90%  3,4  links. 
The  ratio  of  the  units  in  the  polymer  is  practically  independent 
of  the  nature  of  the  halogen  and  radical  in  the  organomagnesium 
compound.  The  complexing  agents,  diethyl  ether  and  triethyl- 
amine,  lower  the  rate  of  polymerization  of  isoprene  and  diminish 
to  some  extent  the  amount  of  3,4  links  in  the  polymer  chain. 

Data  haye  been  obtained  on  the  consumption  of  the  initial 
organomagnesium  compounds  in  the  course  of  the  polymerization 
reaction. 


Resume 

La  nature  des  stades  intermediaires  d’ interaction  des  organo- 
magnesiens  et  des  sels  de  metaux  lourds  jusqu’a  present  resta;it 
inconnue.  Cette  reaction  pouvant  etre  utilisee  pour  I’amor^age  du 
processus  de  polymerisation  aboutit  a la  formation  des  hydro- 
carbures  aux  depens  des  groupes  alcoyles  et  aroyles  d’organo 
magnesion  par  example  d’ethane  et  d’ethylene  en  cas  de  Tinter- 
action  ehtre  le  chlorure  d' ethyl  magnesien  et  les  sels  de  cobalt, 
de  cuivre,  de  titane  etc.  En  nous  proposant  d’etablir  la  nature 
•de  stades  intermediaires  de  cette  reaction  nous  avons  etudie 
la  conduite  de  plusieurs  systemes  dy  type  de  MgRX  — MenXn 
en  presence  des  accepteurs  des  radicaux  libres  — du  styrolene, 
du  methylstyrolene  et  de  Toxyde  de  nitrogene.  Nous  avons  montre 
que  ni  le  rendement  ni  le  rapport  des  hydrocarbures  formes  selon 
la  reaction  ci-dessous  ne  sont  influences  par  les  agents  indiques. 

RMgX -R(+  H)-hR(-  H), 

•ce  qui  permet  de  faire  une  conclusion  sur  T absence  des  stades  ra^ 
dicaux  au  processus  d’ interaction  du  magnesien  alcoyle  et  les 
sels  de  metaux  lourds  au  moins  pour  les  systemes  et  conditions 
■que  que  nous  avons  examines. 
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En  formant  les  complexes  catalytiques  avec  la  participation 
de  niagnesium  pour  polymeriser  les  olefines  et  dienes  nous  sommes 
partis,  contrairement  a la  plupart  des  travaux  publies,  du  compo- 
sant  organo-magnesique  exempt  d’ester  et  soluble  dans  un  mi- 
lieu hydrocarbone.  Pour  la  polymerisation  de  Tetbylene,  du  pro- 
pylene, du  butadiene  et  de  Pisoprene  a ete  mis  en  jeu  un  cataly- 
seur  qui  forme  par  suite  de  1’ interaction  du  composant  indique 
et  le  tetrachlorure  de  titane. 

Le  rapport  des  motifs  en  chame  polydieniques  en  large  mesure 
est  determinee  par  le  rapport  des  composants  de  catalyseur. 
L etude  de  la  composition  des  complexes  naissants  a divers  rapports 
des  composants  donne  la  possibilite  d’attribuer  la  structure  du 
polymere  au  contenu  relatif  Ti+^  et  dans  le  complexe  cataly- 
tique. 

On^  a etabli  qu’a  temperature  elevee  les  organo-magnesiens 
eux-memes  (en  I’absence  des  cocalysateurs)  excitent  la  polyme- 
risation d’isoprene.  Le  polyisoprene  ainsi  obtenu  comprend  a peu 
pres  90%  des  motifs  3,4.  Le  rapport  des  motifs  en  polyisoprene 
pratiquement  ne  depend  pas  de  la  nature  de  halogene  et  de  radical 
en  organo-magnesien.  Les  agents*  qui  forment  des  complexes  — 
Tester  dietbylique  et  le  triethylamine  — diminuent  la  vitesse  de 
polymerisation  d’isoprene  et  causent  quelque  diminution  de  la 
presence  des  motifs  3,4  en  chaine  polymerique.  Les  donnees  sur 
la  depense  des  organo  — magnesiens  au  cours  de  polymerisation 
ont  ete  obtenues. 
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hccjie^obaHhe  HEKOTOEMX  ^etajieh 
MEXAHH3MA  nOJIHMEPHSAl^HH 
no)];  aehctbhem  kOMnjiEKCHBix  katajihsatopob 

C.E.EpecAep^  M.  H . M p c eo  ti 
, if.  /f.  noddy  6uhtU,  lit  u T y an  - ti 

(CCCP) 


B HacTOHiii,ee  BpeMH  c u,ejibK)  nojiyHeima  noJiHMepoB,  xapaa- 
TepH3yH)m,iixcH  BLicoKoperyjiapHbiM  cxpoeHiieM  MOJieKyjiapnHX 
D,eneH,  miipoKO  ncnojibsyloT  KOMnJieKCHbie  KaTajiiiaaxopbi  xiina 
KaxajiHsaxopoB  I^iirjiepa.  B cbhsh  c axiiM  npHni^nmiajibHoe  sna- 
aeHHe  npHo6pexaex  BbiHBJieHHe  MexanHSMa  oxAejibHbix  cxaftaii 
npoB,ecca  nojiHMepn3au,Hn  noA  ^eHCXBHeM  axHX  KaxajiHsaxopoB. 
B HacxoHmeM  coo6ni,eHHH  npHBOAOTca  neKOxopbie  peayjibxaxbi 
HCCJieAOBaHHH  MexaHii3Ma  noJiiiMepii3aij;HH  Hsonpena  iioa  fleri- 
cxBiieM  KOMnjieKCHoro  KaxajiHsaxopa,  oSpaayiomerocH  npn  B3aiiMO- 
flencTBHH  Al(ii3o-G4H9)3  (I)  H TiCh  (II),  nojiyaennHe  na  ochobb- 
HHH  AaHHbix  ceAHMeHxai],HH  nojiiiMepoB  b yjibTpau.eHxpH(J)yre 
b coaexaHHH  c ^aHHbiMH  KHnexHKH  nojiHMepH3aii,HH. 

PaHee  naMii  6hjio  noKasano  [1],  axo  npn  nojiHMepHsai^Bii 
HBonpena  no^  ji,eHCXBiieM  yKaaaHHoro  Kaxajinaaxopa  pocx  Manpo- 
MOJieKyji  npoHCxoAHx  oaenb  6bicxpo,  ii  iiHxepBaJi  BpeMOHii  ox  mo- 
MGHxa  sapoacAemiH  aKXHBHOM  ii,enH  ee  AesaKXHBPipoBaHna 

HcaiicjiHexca  MajibiMii  ^ojihmh  MHHyxH,  BcjieACXBHe  axoro  b cii- 
cxeMG  npaKxiiaecKH  cpaay  ycxaHaBJiiiBaGxca  cxari,HOHapHOG  co- 
CXOHHHG.  OAHaKO  3KCnGpHMGHXaJIbHO  HOJiyaGHHHG  C HOMOlAbK) 
yjibxpai],GiixpH(|)yrH  ’ MOJiGKyjiapHO-BGCOBbiG  pacnpoAejiGHna  no- 
JIHMGpOB  I^OpGHHblM  06pa30M  OXJIHaaiOXCH  OX  paBHOBGCHbIX  paCUpG - 
AGJIGHIlii,  COOXBGXCXByiOIAHX  I13BGCXIIbIM  AO  HaCXOHIAGrO  BpGRieHll 
KHHGXHaGCKHM  cxGMaM  noJiMMGpH3aii,iiH.  Ohh  xapaKXGpii3yioxcn 
CpaBHHXGJIbHO  MaJIOll  AHCnGpCHGH  II,  rJiaBHOG,  CHJIbHO  CMGIAGHbl 
B BbicoKOMOAOKyjiHpnyio  o6jiacxb; . b noJiiiMope  b SpjibmiiiiCTBe 
cjiyaaGB  npaKxiiAGCKH  oxcyxcxByiox  RiaKpoMOJiGKyjibi  c MOJiGKy- 
JIHpHblM  B6COM  MGHGG  200 — 300000. 

npiiBGACHiibiG  oco6ghhocxh  MsyaaBmiixcH  naMii  nojiiiRiepoB 
Moryx  Gbixb  iiHXGpnpGXHpoBaHbi  Jiiinib  na  ocHOBamiii  hobltx  rimo- 
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Tea,  1160  HHKaKOii  iiaBecTHHii  MexaniiSM  hg  iipiiEoji,iiT  k yaKiiM 
MOJieKyjiHpHO-BecoBLiM  pacnpej^ejieHHflM  npii  Hajiii^iiii  pGaKi;MH 
orpaiiiiHeHHH  ii;enii.  HeoSxo^MMO  HCKaTB  MexaHHSM  orpaHiuieHiiH, 
BecBMa  ^yBCTBiiTGJiBHBiH  K MOJiGKyjiHpHOMy  BGcy  (ftjiHHe)  i],enir, 
BCJiGACTBiie  Hero  oSpBiB  D;enH  npoHCxoAiiT  jihiub  b onpeAeJieHHOM 
AOCxaTOHHO  ysKOM  HHTepBajie  MOJieKyjiapHBix  bgcob.  Mbi  nojia- 
raeM,  hto  btot  MexamiaM  o6ycjiOBJieH  reTeporeHHOCTBio  peaKij,PiM 
nojTiiMepii3aij,Hii,  t.  e.  tgm  <|aKTOM,  hto  bo  BpeMH  GBoero  pocxa 
nojiHMepHaa  n,enB  npiiKpenjiGna  oahhm  kohii,om  k KaxajiHTiiHecKO- 
My  KOAinjieKcy  na  noBepxHOCTir  KaxajiHaaTopa.  SaKpenjieHiie 
KOHu,a  MaKpoMOJieKyjiBi  na  njiocKocxH  HaKJiaABiBaex  orpaHiiHeHiiH 
na  B03M0H^HBie  KOH(|)iirypai^nH  nojTHAiepHOH  i;enii,  xaKKaK  nojiynpo- 
cxpaHCXBO  no  xy  cxopony  orpaimHHBaK)in,eii  njiocKocxii  OKasBi- 
BaexcH  sanpemeHHBiAi  ^Jia  ee  cerMenxoB.  CjieAOBaxejiBHO,  oxpBiB 
n yji,ajieHne  AiaKpOMOJieKyjiBi  ox  noBepxnocxn  6yflyx  conpoBon:- 
AaxBca  BOspacxaiiHeAi  KOH(|)iuypai],HOHHOH  aHxponiui  na  BejiiiHiiny 
AS,  paBHyio  pasHOCxn  jiorapH({)MOB  cxaxiicxiiHecKHx  cyMAr  ^^jth  n^enit 
b6jih3ii  «cxeHKM»  II  BAajiH  ox  nee. 

McnojiBsya  AJia  no^CHexa  nncjia  bo3mo>khbix  KOH^nrypaaiiH 
nojiiiAiepHOH  ii,enii  Aiexoji;  KBa3iipeniexKii  c KoopAiiHan^noHHBiM  hhc- 
jiOAi  Y AJiH  cerAienxoB,  naxoAHmuxca  b oSBOAie,  ii  y/2  j^jia  cerAieiixoB, 
OKasaBmiixca  na  noBepxHOCxit,  aibi  onpe^^ejiiijin,  hxo  «Ae(|)eKx» 
K0H(|)iirypan,H0iiH0H  aHxpomm  {AS)  Boapacxaex  c yBejiiiHeHiieAi 
Hiicjia  KPiHexHHecKnx  cerAienxoB  b noJiiiAiepHon  ii,enii  (Z)  coraacHO 
ypaBHeniiio 

AS  = kyz  (1) 

(k  — nocxOHHHaa  EoaBii,AiaHa). 

BepoaxHOCXB  Kaxo^K^enna  AiaKpoAioaeKyaBi  b pacxEope  (x;) 
nan  y noBepxnocxn  (1  — x)  oripeAeaaexca  cxaxncxpiHecKPiM  pac- 
npeAeaenpiGAi  EnSSca,  napaAiexpoM  Koxoporo  aBaaexca  CBo6oAHaH 
anepma  npoAecca  nepexo^a  noaiiMepHon  Aioaei^yaBi  b pac- 
TBop  (A/^): 

AF  AU—TAS 


r^e  AU  — aneprpia,  Koxopyio  neoSxoAHMO  aaxpaxPixB  ajib  oxpBiBa 
noaiiAiepHOH  AioaeKyaBi  ox  noBepxHOCxii  Kaxaanaaxopa. 
Ha  oCHOBaniiH  cooxHonieHKPi  (1)  n (2)  naAin  6Biao  noayneno  cae- 
Ayiomee  ypaBHeniie  MoaeKyaapiio-BecoBoro  pacnpeAeaemia  no- 
aiiAiepa: 


4/; 


■V— 

V rM„, 
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Wi  -r  BecoBaa  ^i,ojia;  r — ancjio  MOHOMepnbix  BBeabeB  b KHne- 
THaecKOM  cerneHTe;  Mo  — MOjieKyJiapHLiH  bgc  MonoMepa. 

,,9to.  pacnpe^ejiGHHe  xapaKTepnayeTca  kphboh,  ^Kcnepciia 
KOTopoH  (6M/A/)  onpeAejiaeTCH  ypaBHenneM 


IM  3kT 
W~AU 


(4) 


TaKHM  oSpaaoM,  AHCnepciia  kphboh  pacnpeAejieHHa  onpeAe- 
jiaeTCH  BHeprneH  cbhbh  pacTyn;eH  noJiHMepHOH  MOJienyjibi  c no- 
BepxHOCTbK)  KaxajiHBaTopa.CJieAyeT,  no-BHAHMOMy,  caHTaTb,aTone- 

pexoA  MaKpoMOJienyjibi  b pacxBop 
conpoBOJKAaeTcapaBpbiBOM  mocth- 

KOBOH  CBH3H  MGJKAy  axOMaMII  TH- 

xana  h ajiroMHHHa  b aKXHBHOM  kom- 
HJieKce  ( A?7  — 15—20  KKajijMOJih), 
ripn  xaKOM  BHaaeHHH  AC/ 
AHcnepcHH  MOJieKyjiapHO-BecoBO- 
ro  pacnpeAe’JieHHH  npnSjiHjKeHHo 
paBHa  0,1 7 TO  ecxb  BecbMa  Maaa. 
CjieAOBaxejibHO,  npeAJiojKeHHbiH 
MOxaHHSM  orpaHHaeHHH  MOJieKy- 
jiapHbix  AeneH  npn  nojiHMepii- 
BaAHH  noA  A^HCXBHeM  rexeporen- 
Hbix  KOMHJieKCHbix  KaxajiHBaxo- 
poB  npeAHOJiaraex  bosmojkhocxb 
nojiyaeHHH  noJiHMepoB  c oaenb 
ysKHM  MOJieKyjiapHO-secOBbiM 
pacnpoAejiGHHeM.  TanoH  hojih- 
Mep  6biJi  HaMH  AeiiCTBHxeJibHO 
HOJiyaeH  nyxeM  nojiHMepH3aii;iiii 
HBonpena  b hhcxom  MOHOMepe 
npH  HH3KOH  xennepaxype  (0°)  hoa  AeHCXBHek  BHAepacaHHoro  b 
xeaemie  cyxoK  KaxajiHaaxopa  npn  cooxHomeHHH  KOMnoHenx  I 
. H II,  paBHOM  1:1.  Ha  pnc.  1 npHseAena  KpHBaa  pacnpeAeae- 
HHa  axoro  nojiHMepa  b KOopAHnaTax  dwJdS  — S (KOHCxanxa  ce- 
AHMeHxaAHH),  Koxopoe  xapaKxepHsyexca  AHcnepcnen,  paBHoii 
0,1,  axo  cooxBGxcxByex  AHcnepcHH  kphboh  pacnpeAeJieHHH  no  mo- 
jieKyjiapHHM  BecaM  ~0,15. 

OnHcaHHbiH  MexaHH3M  xopomo  coaexaexca  c npeAnojiojKeHneM 
Haxxa  o najinaHH  oSpaxHMOH  AHCcoii;Han;HH  aKXHBHoro  KOMHJieKca, 
BCjieACXBiie  aero  paoxymaa  noJiHMepHaa  ii;enb  c axoMOM  A1  aa  kohag 
nepHOAHaecKH  oxcoeAHnaexca  ox  noBepxHocxH  KaxajiHsaxopa, 
a saxGM  nyxGM  BsaHMOABHCXBHa  c xnxanoM  bhobb  k hgh  npiiKpen- 
Jiaexca  c oSpaaoBaHHGM  aKXHBHoro  KOMHJieKca  h npoAOJi>Kaex 
CBOH  pocx  [2].  3xox  npoAGCC  «o5paxHMoro>>  oxpbiBa  Moacex  o6ecne- 
anxb  npaKXHaecKoe  ycxaHOBjiGHHG  pacnpeAejiGHHa  corjiacHO  ypaB- 


dw/ds 


Phc,  1.  MojieKyjiHpHO-BecoBMe  pac- 
npeAeJieHHH nojiHHBonpeHOB. 

A1  (H30-C4H8)3  +.  TiCU  =1:1.  Kaxa- 
jiHsaxop  BbiAepJKan  b Te^enHe  cyxoK. 
TeMnepaxypa  nojiHMepnaaiiHii  o®  C. 
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-MeHHio  (2),  cMHCJi  KOToporo  sai^jiiOHaeTCfl  b tom,  ^to  nocjie  aocth- 
oKeHHH  onpeAeJieHHOro  MOJieKyjiapHoro.Beca  naTOHaeT  BHnojiHHTbCH 
ycjioBHe  T At/,  BCJie^CTBHe  Hero  o6paTHHH  npor^ecc  npncoeAH- 
'nemiH  MaKpoMOJieKyjiH  k noBepxHOCxH  cxanoBHTCH  BecbMa  Majio- 
BepoOTHUM,  xaK  KaK  OH  AOJiHceH  conpoBOHCAaxbCH  yMeHbineHneM 
'CBo6o?i.Hoii  sHeprHH. 

TaKHM  o6pa30M,  KOMHJieKCHbie  KaxajiHaaxopbi  oxjiHHaioTCH 
He  xojibKO  CTepeocnei];H$HHHOCXbK),  ho  h o6ecneHHBaK)T  b onpe- 
;i,eJieHHbix  ycjiOBHHx  noJiyHenne 
HOJiHMepoB  c bmcokoh  cxeneHbK) 
roMoreHHOCTH, 

MajiOHteHHHH  BMine  MexanHSM 
orpaHHHeHHH  ii.eneH  npoHBJiaeTCH, 

•OAnaKO  jiHHib  B TOM  cjiynae,  ecjiii 
pocT  ManpoMOJieKyji  He  o6pbi- 
BaexcH  panee.OAHHM  H3(|>aKTopoB, 

'Bbi3HBaioni,HX  «npe>KffeBpeMeH- 
HbiH»  oGpbiB  MOJieKyjiHpHtix  n;e- 
xieH,  HBJiHexcH  HajiHHHe  B KaxajiH- 
^axope  cBo6oAHoro  xpHHsoSyxHJi- 
•ajiioMHHiifl  [3].  3tot  (J)aKX  6hji 
HaMH  npoBepcH  cnemaajibHtiMH 
OHblXaMH,  B KOTOpHX  HpHrOTOB- 

jieHHHH  -sapanee  KaxaiLHsaTop 
■(I  : II  = 1 : 1)  bboahjih  b moho- 
Mep,  C0Aep5KaDj,HH AoanpoBaHHHe 
:KOJiiiHecxBa  AI  (tt30'C4H9)3.  Ilpn 
:3XOM  B Hanajie  nojiHMepH3an;HH, 
nOKa  H36bIT0K  Al  (tt30-C4H9)3 
ocxaexcH  b cboSoahom  cocxoh- 
HHH,  CKopocxb  nojiHMepnaaAHH 
-coxpaHHexcH  npHMepno  xaKOio 
jKe,  KaKoii  OHa  6biJia  6h  6e3  Ao6aBKH  cBo6oAHoro  ajiiOMH- 
HHHopraHHHecKoro  coeAHHeHHH  (pnc.  2),  ho  MOJieKyjiapHOBeco- 
BHe  pacnpeAejieHHa  noaHMepoB  pesKO  CASHraioxca  b oSaacxb 
HH3KHX  MOJieKyjiapHLIX  BeCOB  (pHC.  3).  9th  $aKTH  CBHAexeJIb- 
OTByiOT  0 TOM,  HTO  MexaHH3M  orpaHHHeHHH  AeneH  noA  A^ncTEHeM 
HecBasaHHoro  xHMHaecKH  aaiOMHHHHopraHHHecKoro  coeAHHenna 
oxoAOH  c MexaHH3MOM  peaKAHH  nepenoca,  e.  haot  c perenepa- 
:HHeH  aKTHBHblX  AeHXpOB.  Ho  XOH  >Ke  HpHHHHe  npH  nOJIHMepH3ai];HH 
CBe^KenpHroTOBJieHHHM KaxajiHsaxopOM  (npn  cooxHomeHHH  I ; II  — 
= 1 : 1),  B KOTopoM  eBAe  coAepjKHxca  neKOxopoe  KOJinaecTBO 
■CBo6oAHOro  AI  (tt30-C4H9)3,  B o6pa3yH)n3,eMCH  nojiHMepe  oSnapy- 
-H^HBaioxca  HH3KOMoaeKyjiapHbie  $paKn;HH,  oxcyxcTByion^He  npii. 
■jiojiHMepH3aii;HH  tekhm  >Ke  KaxajiHaaTOpOM,  BbiAep^KaHHHM  b xe- 
.’Hemie  cyxoK  (npHsaa  1,  pnc.  3 h pnc.  4). 

375' 


PhC.  2.  KpHBHe  KHHeXHKH  nOJIH-' 
MepHsaAHH  Hsonpena  npn  30®. 

j — Al  {u30-Ca^,)z  : TiCU  = 1:1; 
2 — .TO  JKe  + 0,5A1  (nso-C4HB)8  (c  MO- 
HOMCpOM);  3 — Al  (u3o-C4Hb)s  : TiCU  = 
1,5:1. 
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npiiBe^emiLie  pesyjibTaxLi  nosBOJiaiOT  cj^ejiaxb  bhboji;,  bto  npi® 
KaTajiHTiiaecKOH  nojiHMepn3ai];im  o6pHB  MOJieKyjiapHbix  i^eneii 
no  MexannsMy  riepenoca  npoaBJiflexcH  Jinmb  b nacTHOM  cjiyuae 
HajiHBHH  B CHCxeMe  CBo6oji,Horo  ajiioMHHHiiopraHHaecKoro  coe^K- 
Heima  hjih  Apyrnx  KOMnoneux,  cnoco6HHx  k peaKii,PiHM  nepenoca. 


^c6ed6.  ^c8ed6^ 


Phc.  3.  MojiGKyjiflpHO-BGCOBHe  pacnpe/^e 
aenHH  nojiiiMepoB  Hsonpeiia  (xeMnepa- 
Typa  nojinMepiiaamm  30°). 

l~  cBemiiH  KaTajiHsaxop  A1  (t/3o-C4H»)3  : 
TiC]4  =1  : l;.2  ~ A1  (tJ3o-C4HB)3  : TiC]4  =1  : 

1 + 0,5  A1  (u3o-C4Ho)3  (c  MOHOMepoM);  3 

AI(u3o-C4H8)3  : TiCl4‘=l  : 1 + lAl(i^3o-C4H«)3 
(C  MOHOMepOM). 


Pile.  4.  MojreKyjiflpiio- 
BecoBoe  pacnpeACJiGHHe 
nojiiiH3onpena. 

A1  (M50-C4Hf|)3!  TiCl4^^ 
— 1,5  : 1 . KaTajiiisaTOp 
Bbi/^epH^aii  B TeHeiiiie 
cyTOK.  /.TeMnepaxypa 
nojiiiMepHaanHH  30° 


ripH  oxcyxcxBHH  yKaaanHbix  KOMnoneiix  oOpbiB  MOJieKyjiBpHbTx 
n;eneH  npoiicxo^iix  no  cnen^H^nnecKOMy  ;a,jin  rexoporennoH  nojiiirr 
Meppi3aii,piH  MexaHM3My,  ii3Ji05KeHH0My  BLime. 


1, 

2. 

3. 


JI  H T e p a T y p a 

‘tt'  t|P’  M 0 c e B H H K II  ii,  W.  H.  n o n « y 6;^ 

HHH  H.  H UecHOKOBa,  >K.  TexH.  <{)n3.,  28,  2487,  1958. 

W,  jVs  \i7'  1959®  ° Lincei.  Reiidi  Sc.  fis. 

^97^  1958  P ® ‘I  " " E.  G i a c h e 1 1 i,  Chim.  e Ind.,.  40, 


T B m m a r 5 

lor  the  purpose  of  shedding  light  on  some  detail's  of  the  me^ 
chanism  of  isoprene  polymerization  by  means  of  the  complex  ca- 
talyst TiCl4 -f-  A1  (i-C4H9)3  an  analysis  has  been  made  of  the ’data', 
on  the  molecular  weight  distribution  (MWD)  of  the  polymers,. 

A relation  has  been  established  between  the  character  of  thft 
polymerization  process  and  the  degree  of  dispersity  of  the  catalyst. 
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Jn  particular  it  has  been  shown  that  for  very  small  catalyst, 
particles  polymerization  proceeds  slowly  and  is  a non-stai ionary- 
process.  The  MWD  of  the  polymers  changes  with  time.  On  increa-- 
sing  the  catalyst  particle  size  above  certain,  critical  dimensions 
required  for  carrying  out  heterogeneous  catalysis  a stationary 
MWD  of  the  polymers  sets  in,  remaining  unchanged  up  to  the  end 
of  the  process. 

An  investigation  of  the  MWD  of  the  polymers  obtained  at  va- 
rious catalyst  component  ratios  and  various  methods  of  addition 
to  the  monomer  permitted'  a number  of  details  of  the  chain  break-- 
ing  mechanism  in  catalytic  polymerization  to  be  elucidated. 
Chain  breaking  has  been  shown  to  be  not  the  result  of  interact  ion 
of  growing  chains  with  free  organoaluminum  compounds 
present  in  the  solution  (the  mechanism  proposed  by  Natta)  Init 
rather  to  be  determined  by  the  structure  of  the  complex  catalyst.. 


Resume 

♦ 

Pour  I’etude  de  quelques  details  du  mecanisme  de  polymeri- 
sation dTsoprene  en  presence  de  catalyseur  complexe  [(TiCU  + 
+ Al(i-C4H9)3]  on  effectual t une  analyse  des  doiinees  suivant  la 
repartition  des  poids  moleculaires  (RPM)  des  polymeres. 

On  a etabli  comment  la  nature  du  processus  de  polymerisation 
d’isoprene  depend  du  degre.de  finesse  du  catalyseur.  En  parti- 
culier  on  a revele  qu'aux  petites  dimensions  du  catalyseur  le  pro-- 
cessus  de  polymerisation  s’execute  lentement  et  n’est  pas  station- 
naire.  Ici  RPM  des  polymeres  change  dans  le  temps.  Dans  le  cas 
de  I’accroissement  des  dimensions  des  particules  du  catalyseur 
jusqii’a  la  grandeur  depassant  la  grandeur  critique  qui  est  neces- 
saire  pour  rexecution  de  catalyse  heterogene  on  etablit  la  RPM 
stationnaire  de  polymere  qui  ne  change  pas  jusqu’a  la  fin  du 
prosessus. 

L’ etude  du  caractere  de  RPM  des  polymeres,  obtenus  avec  de 
divers  rapports  entre  les  constituants  du  catalyseur  et  differents 
precedes  de  leur  introduction  en  monomere  a permis  de  faire  voir* 
certains  details  du  mecanisme  de  rupture  de  chaine  durant  une 
polymerisation  catalytique.  On  a montre  qua  la  rupture  de  chaine 
n’est  pas  due  a I’interaction  des  chaines  croissantes  et  organo-^ 
aluminiums  qui  sont  presents  dans  la  solution  (mecanisme  pro- 
pose par  Natta),  mais  a la  structure  de  catalyseur  complexe. 
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CTEPEOCnEIi;H(DHHHOCTb  H OOTHHECKnE  CBOaCTBA 

nOjiHMEPOB 

B*  H.  Ill  e emno  e,  M aza  p UK^ 

H.  H.  E ouv,o  e M»  F.  Ony  ue  e a 

(CCCP) 


KaKH3BecTHO,  cyjKAeHHG  O-CTepeoperyjijipHOCTH  [1,  2]  CTpoenuH 
mioJieKyjiapHOH  nenH  nojiHMepa  aaiii.e  Bcero  ^eJiaioT  na  oCHOBaniiH 
j],aHHHx  0 ero  chogoShocth  k KpHCTajijiH3ari,HH. 

OAHaKO  cnocoSnocTb  k KpHCTajiJiH3aii,HH  onpeAeJiaexcH,  no- 
bHAHMOMy,  He  TOJiBKO  cxepeoperyjiapHOCTbio  aghh,  ho  sasHCHx  h 
ox  $H3HK0-xHMHaecKHx  ycaoBHH,  B KOxopHx  HaxoAHxca  MoaeKyabi 
B HoaHMepHOM  o6pa3n;e.  IIoaxoMy  ne  bchkhk  cxepeoperyaapHLiH 
HoaHMep  MOH<ex  6Hxb  nepeBeAOH  o6biaHbiMH  cnocoSaMH  ,b  Kpn- 
“‘CxaaaHaecKoe  cocxoanne  [3^ — 5]. 

B CBa3H  c 3XHM  oco6biH;  HHxepec  npeAcxaBaaiox  MexoAti  Hccae- 
.AOBaHHa  cxepeoperyaapHOCxH,  ocHOBanHbie  na  HenocpeACXBeHHOM 
iiayaeHHH  cbohcxb  HHAHBHAyaabHtix  Moaeaya,  3aBHcan];Hx  ox 
-cxpoeHHa  HOcaeAHHX  h Maao  noABepjaeHHbix  BananHio  bxophhhlix 
-4)aKxopoB. 

CxaxHCXHaecKaa  xeopHanoKasbiBaex,  axo  cxepeocnen;H$HaHOCXb 
'CxpocHHa  n;enH,  b npHHAHne,  Moacex  Banaxb  na  ee  KOH(|)Hrypan;Hio 
II  AHHoabHbiH  MOMGHX,  H3MeHaa  ee  rnSKOcxb  (cxenenb  csepHyxo- 
-cxH  [6—8]).  OAsaKO  aKcnepHMeHxaabHbie  pa6oxbi  ne  o6Hapy>KHaH 
paaaHHHa  b paaiviepax  h rHAPOAMaMHaecKHx  cBOHCXBax  Maapo- 
jvioaeaya  Hsoxaaxnaecaoro  h axaaxHaecaoro  noancxHpoaa  h noan- 
Hponnaena  b pacxBope. 

J],pyraa  bobmohchooxb  HccaeAOBanHa  cxepeocneAH^^HHHOCxH  no- 
.aHMepa  B03HHaaex  npn  HcnoabsoBaHHH  onxHaecaoH  aHHSoxponiiH 
-ero  Moaeaya  — CBOHCxsa  6oaee  ayBCXBHxeabHoro  a cxpoennio 
MoaeayaapHOH  aghh,  aeM  ee  pasnepbi. 

HaM  HpeACxaBaaexca,  axo  apoMe  «aoH(J)HrypaAHOHHoro»  Bana- 
HHa  [9,  10]  cxepeoperyaapHOCxb  H;enH  Mba?ex  nenocpeACXBeHHO 
BaHaxb  na  onxHaecaHe  CBoncxBa  MOHOMepHOro  sBena,  h,  caeAO- 
'BaxeabHO,  h Been  Moaeayau:  [11,  15],  npaaxHaecaH  ne  HaMenaa 
chGhocxh  [16,  17],  OCHOBHOH  AenH,  x.  e.  ee  paaMepoB. 
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IIoJIHCTHpOJI  [18]  j 

C ii;ejibK)  onpefleJieHHH  onTH^ecKOH  aHH30TponHH  H30TaKTiiHe- 

-€KOrO  H aTaKTH^eCKOrO  nOJIHCTHpOJIOB,  HCCJIG^OBaJIH  ^BOHHOe 

JiynenpejiOMJieHHe  B noTOKe  hx  pacTBopoB  b 6poMO(J)OpMe.  B 3Toii 
-CHCxeMe  pa3HOCTB  nojiapnayeMOCTeH  cxaTH^ecKoro  cerMeHTa  MOJie- 
.KyjiH  (ai  — a2)  uomeT  Shtb  onpeji,eJieHa  no  xapaKTepHcranecKHM 
3HaneHiiHM  flBOHHoro  jiynenpeJiOMJieHiia  [/z*]  ii  bhskocth  [t]] 
pacTBopoB  [19]. 

MexoAHKa  onxHnecKHx  h BHCKOBHMexpHnecKnx  H3MepeHHH  onn- 
<caHa  panee  [13—15]. 

Oco6oe  BHHMaHHe  6hjio  yAejieno  npoBepKe  onxHnecKOfi  hhctotli 
pacxBopa.  OxcyxcTBHe  CKOJibKO-Hii6yAi>  aaMexHoro  KOJinnecTBa 
kojijiohahhx  npHMecen  (HepacxBopHMtix  KpHCxajijiHTOB,  MHii;eJiJi) 
‘6lijio  noKaaaHO  HSMepemieM  flBOHHOro  jiyaenpejiOMJieHHH  b Mar- 
‘HHTHOM  nojie  (KoTTOH-MyxTOH-3(|)(|)eKx)  H onpe^ejiGHHeM  cxeneiiii 
;i;enojiHpH3aii;mi  ii  acHMMexpnH  cBexopacceaHHa  pacxBopa. 

CerMeHXHaa  aHHsoxponna  naoxaRxiinecKoro  nojiHMepa  6ojiee 
nejM  B nojixopa  paaa  npeBtimaeT  BeJiHaimy  (ai' — 02)  axanxii- 
^necKoro,  coBnaAaa  c neio  no  anany  (xa6ji.  1). 

[{  T a 6 Ji  im  a 1 


'XapaKTepHCTiwecKHe  ana'ieHMa  abomhoio  jiy'ienpejiOMjienHfl  [n],  baskoctii 
[t)]  h cerMeHTHaa  annaoTponna  (ai — a2)  Moaeaya  axaKTHHecKoro 
H H30TaKTH*iecKoro  noancTiipoaoB 


noaiiMep 

{■n],  100  MJi/a 

: [n].10-f> 

[n]/[7)].10-*®  (a,— a2)-10“-*5  cjvt® 

-ATaKTHHecKJiii  . . . 

2,6 

-34 

—13,1  —146 

J/l30TaKTiiHecKriii  . . 

2,6 

—52 

—20,0  —224 

Ilpn  o6cy>KAeHHH  axoro  peayjibxaxa  cjieAyex  HMexB  BBHAy  npnH- 
ij,iinHajiBHyK)  BOSMon^nocxb  A^yx  yKaaannHX  panee  ^aKxopos, 
BjiHHK)ni;Hx  na  onxnnecKyio  annsexponnio  MOJieKyjiflpnon  ii;enH: 
naMenenne  rnSKOCXH  ii;enH  n naMeHenne  onxnnecKHX  cbohcxb  mo- 
HOMepa.  B cjiynae  nojincxnpojia  nepsHn  npaKTnnecKH  hckjik)- 
naexcH,  xaK  nan  a^h  axoro  nojinmepa  na  pasMepu  MOJieKyji  cxepeo- 
peryjinpnocxb  ne  BJinnex. 

HanpoxHB,  Bxopon  ^anxop  b paccMaxpnBaeMOM  caynae  nrpaex 
pemaioni,yH)  pojib.  flencxBHxejibno,  xoponio  naBecxno,  nxo  6ojib- 
man  oxpHAaxejibHan  anHsoxponnn  MonoMepnoro  sBena  n Been 
MOJieKyjiH  nojiHCXHpojia,  b ochobhom,  onpeAeJinexca  anuBexponnen 
60KOBHX  ^ennjibHHx  rpynn,  njiocKOCxn.  Koxopbix,  coBepman  spa- 
ni,axeabHbie  KOJieGannH  okojio  cbhsh  — ^apoMaTiin. » HMeiox 

npeiiMyn],ecxBeHHoe  nanpaBJieHne,  nopMajibnoe  k HanpaBjiennio 
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ii,enM  rJiaBHLix  BajieHTHOCTeii.  3aTopi;io>KeHHOCTi>  btiix  Bpaiiie- 
HHii  B 5okobbix  rpynnax,  o6ycjiOBjieHHaH  BaamioAeiiCTBpeM 
nocjieAHHx,  ;i;oJi5KHa  BoapacTaTb  npn  nepexofle  ot  aTaKTiiHecKOii 
(j)opMH  K HaoxaKTH^ecKOH,  nocKOJibKy  B nocjieAHeii  paccTOBUHc 

MBHCAy  SOKOBBIMH  paAHKajiaMII  I^GHH  SHaHHTeJIBHO  COKpamCHO^ 
TopMOJKeHHe  axHx  Bpauo^aTejibHbix  KOJieSaHiiH,  o^eBHji;HO,  aojijkho 
yBeJiHHHTb  OTpimaxeJibHyio  aHHsoxpomiio  MOHOMepnoro  BBena,. 
a cjie^OBaxeJibHO,  h Bceii  u,enH,  hxo  ii  o6iiapy>KHBaiox  Hamii  onbixbv. 

IIojiHMeTHjiMeTaKpiiJiaT 

HaoxaKXH^ecKHH  noJiHMexnjiMexaKpHJiax  (IIMMA)  6biJi  BnepBbie 
nojiy^en  KopoxKOBbiM  MexoflOM  roMoreHiiOM  KaxajiiixiiBecKoii  noirw- 
MepH3aij,HH,  B npiicyxcxBHPi  MexajTJTopraHiiHecKoro  Kaxajiii3a^ 
Topa  [4J 


Phc.  1.  fl^HHaMH^iecKoe  AByJiyHenpejiOMJieiiiie 
He(j)paKii;HOHHpOBanHoro  iisoTaKTinecKoro 
HMMA  B 6eH30JTe. 

1 — no  aeHTpiKjyrnpOBaHim;  2 — nqcjie  BeiiTpii^y- 
rnpoBamifl;  3 . — norjie  ^narpeBamiH  no  4-55°. 

^jiH  cpaBHHxeJibHoro  MCCJienoBaHHa  6biji  HcnoJibsoBan  o6Bia-^ 
Hbiii  axaKXnaecKHH  IIMMA,  nojiyaeimbTii  no  paAiiKajibHOMy  mg-* 
xannsMy. 

IIpGABapiixGJibHoe  nsynGHiiG  ^Bonnoro  JiynGnpGJiOMJiGniiH  b no- 
xoKG  pacxBopoB  HsoxaKXHHGCKoro  IIMMA  B 6eH30Jie  noKaaajio  na- 
JinnHG  B paCXBOpG  KOJIJIOH^HBTX  ppUMGCGH  (KpnCxaJIJIHXBT,  MIII];GJI- 

1 OSpaseu;  HSOTaKTiiaccKoro  TFMAIA  5ljji  npeAOCTaB.nejr  hbm  fiopOTKo- 

BHM. 
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npiiBOAiiBniMx  k npiniyAJiiiBoii  saBiicHMOCTH  An  — j{g) 
(pile.  1).  Pojib  nepacTBopHMBTx  KpncTajijiMTOB  B Ha6jiK)AaeMOM 
.AByjiy^enpejiOAiJieHHH  MorJia  6biTb  yMentineHa  nepeocaA^AemieM, 
.ii^eHTpH(|)yrHpoBaHneM  ii  AJinTeJibHBiAi  HarpeBaniieM  pacTBopa. 

IloaTOAiy  AJiH  KOJiiiHecTBenHoro  iiccjieAOBaHHH  nsoTaKTiiHecKiiii 
riMMA  6liji  (|)paKu,MOHiipoBaH  apo6hlim  oca^KAeiiiieM  reKcanoM  113 
6eH30Jia.  KpiiTepiieM  hhctotli  pacTBopoB  cjiyn^iuio  iix  nopMajib- 
Hoe  noBeAemiG  b nBjieHitHx  CBGTopacceHHHH,  AHHaMimGCKoro  11 
-ajiGHTpiiBecKoro  jiyHenpejiOAtJiemiH.  Tab  Kan  b nGpiibix 

.AByx  (J)paKAHHX  aim  hg  AOCTiirJiH  Heo6xoAHMOH  CTenenii  otoctkii, 
OHH  6biJiii  iicKJiio^eHbi  113  A^JibHeiiniero  KOJiH^iecTBenHoro  iiayHG- 
HHH. 


T a 6 Ji  II  II  a 2 


Mojieijy.iflpnwe  ueca,  xapaKTepiicTiiMecKiie  3Ha*ieHHH  bhskocth  h AaoiiHora 
.jiyijenpeaoM.ieHiifl  ii  cerMenrHaa  anH30Tponnfl  axaKTHUccKoro  ii  ({ipaKiiiiii 
iiaoTaKTHaecKoro  IIMMA 


^ d^paHLuin 

c 

c: 

S'? 

0 — ' 

w S 

[nj  10** 

I'OJ 

(ai-a^)  10“ 

no  paOoTe 

[19] 

M-10“®  no 
cneTopac- 
ceainiio 

M-10-®  no 
^opMyJie 
paOoTi.1 
[20] 

lil 

0,82 

1,80 

2,19 

26,1 

. 3,40 

3,24 

IV 

0,58 

1,20 

2,07 

24,7 

2,00 

2,07 

VI 

0,50 

— 

— 

1,50 

1,70 

VII  ' 

0,37 

1,94 

1,94 

23,2 

1,15 

vni 

0,28 

1,78 

1,78 

21,3 

— 

0,80 

:We({)paKij;noHijpoBau- 

Hbiii  aTaKTinieci\nii 

IIMMA 

1,20 

0,18 

0,15 

1,8 

— 

5,20 

MoJIGKyjIHpHblG  BGCa  M HGKOTOpLIX  (JipaKAMH  6LIjm  OnpGAGJieilbl 
no  cBeTopaccGHHHK)  IIX  pacTBopoB  B 3THJian,eTaTe  (tbGji.  2).  Hsmg- 
tpemie  xapaKTGpiiCTiinecKnx  BaaKOCTen  [7]]  btiix  me  (JipaKAiili  b 6eiJ- 
30jie  noKasajio,  hto  ajih  iisoTaiminecKoro  o6pa3n,a  ocxaeTca  enpa- 
bgajihboh  saBiiciiMOCTb,  ycxanoBJiGHHaa  panee  a^^b  aTaKTiiaecKoro 

TIMMA  [20]. 

nocjiGAHee  oScToaTGJibCTBO  noKasbiBaeT,  axo  riiApoAnHaMiine- 
■CKiie  (BH3KocxHbie)  pasMGpbi,  a cjiGAOBaxGJibHO,  H rnGKOcxb  mojig- 
Kyjiapiibix  AGneii  IIMMA  b 6eH30Jie,  hg  MennexcH  c HaAiGnenneM 
cxepeoperyjiapHOCTH  o6pa3ij;a. 

OnxiiaGCRaa  aniiscxponHa  xopoiuo  oaniAGHHbix  pacxBopoB 
TIMMA  B 6gh30Jig  6biJia  onpGAeJiena  xaiOKG,  nan  npii  iiccjiGAOBamni 
jiojiHCxnpoJia.  CooxBexcxByiorAiie  xapaKxepiicxiiaGCKHG  BejiHaiiiibi 
aipGACxaBjienbi  b xa6ji.  2.  BGJiHaiiHa  onxiiaecKoii  aHusoTporinii 
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axaKTHKa  coBnaAaeT  no  nopHAKy  BejinTOHu  c nojiy^ennHiviH  panee. 

peayjiBTaTaMH  [12]. • . \ 

OnTH^iecKyio  aHHsOTponHK)  HMMA  onpeAejiHJin  xaKJKe  nyxeM; 
HsyneHHH  ABO^Horo  Jiy^enpeAoMJieHHH  npn  pacTH^KenHii  njienoK 


6 

Phc.  2.1  HsMGHeHiie  AByJiy^enpeJiOMJieHHH  naoTaKTiiqecKoro 
IIMMA,  ^paKAHH  VII,  bo  BpeMeHH  nocjie npH;jio»eHiiH  h^chh-. 

THfl  nOCTOHHHOH  HarpysKH.' 

1 — HsirpysKa;  2' — cHHTHe  HarpysKH,  E a : TCMnepaTypa  ’ 48°,  narpyana 
2,5  a;  6 : TCMnepaTypa  62°,  narpysna  500  ms.  ' 

(4)OT03JiacTHTiecKHH  a$$eKT)  [11].  Ha  pnc.  2,a  H3o6pa5KeHa  THnnn- 
Haa  KpHBaa  BpeMennoH  saBHCHMOcra  ABonnoro  JiynenpejiOMJienHH, 
Ha6jiK)AaeMaH  ajih  (|)paKii;HH  nsoTaKTHnecKoro  HMMA  npn  no- 
CTOHHHOM  pacTHrnBaioiAeM  HanpajKOHnn  P HH>Ke  TeMnepaTypBi  ctgk- 
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jiOBaHHH  BemecTBo  o6Hapy>KHBaeT  nojio>KHTejii>HH& 

(|)0T03JiaCTH^eCKHH  3(J)4)eKT  CO  3Ha^HTeJIfcHHM  3ana3AHBaHHeM 
(sHaTOTejiBHoe  BpeMH  pejiaKcaAnn). 

BpeMeHHaH  aaBHCHMOCTb  AfiyJiy^enpejiOMJieHHH,  naSjiioAae- 
Maa  npH  xeMnepaTypax  BHme  Tg,  nMeex  hhoh  bha  (cm.  pHC.  2,  6).. 
npH  cosAftHHH  nocxoHHHoro  Hanpaa^eHHH  npaKXHaecKH  MraoBeHno- 
ycxanaBJiHBaexcH  nojiojKHxejiLHaa  aHHsoxponHH.  ^ajiLHenniHH  xoa- 
KpHBOH  oxaexJiHBO  o6HapyHCHBaex  oxpHAaxeJibnyio  aHHsoxponnio,. 
napacxaioiAyio  co  BpeMeneM.  Upn  chhxhh  HaripHJKeHHH  nojio-;^ 
jKiixejibHHH  3(j[)$eKX  MrHOBeHHO  HCaesaex,  xorAa  nan  oxpimaxejib- 
Haa  aHH30xpomia  JiHinb  mga- 
jreHHO  y6tiBaex  bo  BpeMenn. 

Mh  nojiaraeM,  axo  Ha6jiK)- 
AaeMaa  Kapxnna  HJiJiiocxpH- 
pyex  najinaae  Asyx  MexanHs- 
MOB  opaeHxaAHH  MOJieKyjiap- 
Hbix  AeneS  npa  pacxaJKeHHH 
HsoxaKXHaecKoroIlMMA.  Ilep- 

BblH,  n0JI05KHXeJIbHHH,  3(|)$eKX 
Bbi3BaH.  opaeHxaAHeH  MOjie- 
KyjiHpHbix  Aenen  aMop(J)HOH 
aacxH  noJiHMepa  (BHCOKOSJia- 
cxnaecKHH  3$(J)eKx).  Oh  3Kbh- 
BaaeHxeH  aBJieHHio . ABOnnoro 
jiyaenpejiOMJieHHa  b noxone 
xopomo  oaHiAeHHbix  pacxBO- 

POB. 

BxopoS,  oxpHAaxejibHbiH, 

3(|)(j[)eKX  aBJiaexcH  peayabxaxoM 
opaeaxaAHA  AcneH,  CBaaaHHbix 
B KpHCxajianxbr.  Oh  cooxboxcx- 
Byex  oxpHAaxeJibHOMy  sJieKxpHaecKOMy  h 
HOMy  jiyaenpe JiOMJieHHH) , na  6jiio AaoMOMy 


PhC.  3.  SaBHCHMOCTB  (|)0T03JiaCTHHe-^ 
CKoro  K03$(J)Hn;HeHTa  ox  xeMnepaxypH.. 
1 — aTaKTH»iecKHtt  LHMMA;  2 — iiaoTaKTii- 
tieCKHii  riMMA,  (ppaKBua  III;  3 — iiaoTaK- 
THHeCKHii  HMMA,  (J)paKaHH  VIII;  4 — 
H30TaKTH^ecKHii  IIMMA,  He^paKipiOHiipo- 


AHHaMHaecKOMy  aboh- 
b pacxBopax  nepBbix, 
1,  a). 


BHCOKOMOJieKyJiapHHX  $paKAHH  (cm.  pHC. 

no  paBHOBecHMM  sHaacHHaM  ABOHHoro  jiyaenpejiOMJienna  bli- 

aiicjiCH  4)0X03JiacxHaecKHH]  K034)$HAHeHX  s npH  paaJiHaHbjx 


xeMnepaxypax.  PesyjibxaxH  npeACxaBJieHbi  na  pnc.  3. 

B Ta6ji.  3 npHBeAeHH  BejiHaHHu  e h (ai  — 02),  BbiaiicjieHHbie 
no  cxaxHCXHaecKOH  xeopHH  (|)OxbynpyrocxH  [9,  21]. 

Bojiee  acM  AccaxHKpaxHoe  noBbimeHHe  (ai  — 02)  aHHsoxponmi 
HsoJinpoBaHHHX  MOJieKyji  HaoxanxHaecKoro  nojiHMepa  no  cpaB- 
HCHHio  c aHH30TponHeH  axaKxnaecKoro  nojiHMepa  ne  MOJKex  Shxb 
06'bacHeHO  HSMeneHneM  KOH(J)HTypaAHOHHHx  cbohcxb  MOJieKyjiap- 
HOH  Acnn  c pocxOM  ee  cxepeoperyjiapnocxH,  h6o  pasMepbi  Acnen 
npii  3X0M  ne  Menaioxca  (cm.  xa6ji.  2). 
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. T a 6,ji  II  n a 3 ' 


AHii30Tp6nHfl  i!30TaKTHqecKoro  u aTailTHHecKoro  TIMMA  rib  ^anHw^i 

^^oToaJiacTHMecKHX  ii3>iepeHHii 


IIMMA 

OpaKuiia. 

e-10‘2 

(ai-a2)*10“" 

14  30  la  KTlBieCKIlH 

Ill 

VII 

He^paKAHoinipoBaH- 

HLIH 

15.0 
12,7  , 

14,6 

14,1 

. 3,75 

ATaKTiBiecKfrii 

; t M uiOHHpOB  a h - 
Hbiri 

■4,7 

1,75 

O^iOBH^HO,  KaKM  B cjiyHaenoJiHCTHpojia,  iipiiqiiHy  aTHxpaaJiii^Hri 
'CJieAyex  iicKaTb  bo  bjimhhhh  CTepeoperyjiHpHOCTii  na  oiiTii^ie- 
•CKIie  CBOHCTBa  MOHOMepa. 

Oij,eHHTb  BeJiH^iiHy  axoro' bjihbhhh  imojkho,.  cnuxaH,  hto  b^hcjio 
■MOHOMepHBix  BBeHbeB  b reoMexpM^ecKOM  n onxn^ecKOM  cerMenxax 
•coBnaAaex  [9^  11,  12].  Tor^a  nexpyAHO  noKaaaxb  cnpaBeji,jiiiBOCXb 
jipp6jiii}KeHHOro  cooxHomeHUB:  ... 

^1  — ^2  ^15  15 

Am  — a ' * 

n -I  'V  . 

3Aecb  a||  — aj  — paanocxb  nojiHpiiayeiMOCxeH  MOHOMepnoro 
sBeHa  B CTicxeMe  KOopAHHax,  cBBsaHHoii  c nojiiiBiiHiiJibHOii  xpaiic- 
xi,enoriKoii,  — cpeAHHH  KBa^pax  cxaxiiCTiiBiecKOH  A-fiHHbi  iiojih- 
BHHiijibHori  AenH  npii  cboSoahom  Bpan^eiiiiM  BOKpyr  BajjeHXULix 
‘CBHseri,  7]^“  — xa  H^e  Bejiii^HHa  j\iin  peajibHOH  ii,emi  b G totoo. 

nojiaraa  AJiH riMMA  5,  naxbAiiM  {ai^a2)  ^ 7,5  (/7[) 

11,  cjiGAOBaTejibiio,  , (a)|  — aj^)H,3aT<iKT.  3,2-10"^^  cm^  ii 

(ail  — aj  )aTa«T.  = 0,24-10"^^  cm^\  , < 

noApoSubiH  anajiHa  [11]  noKasbiBaex,  hxo  o6t3HChghiui 

iiaSjiiOAaeMOro  hhbxojkho  Majioro  nojio>KHTejibHoro  BHa^eHiiH 
•(ai  — 02)  axaKXPi^ecKoro  IIMMA  npHxoAiixcH  Aonycxnxb  npanxM- 
HGCKM  IlOJinyiO  CBOSoAy  BpaiAGHHH  BOKpyr  BaJIGIIXIIblX  CBHSGH 
B 60KOBOH  a4)HpHOH  rpynne  IIMMA,  xorAa  KaK  HG3iiaHHTG.TibHOG 
xopxr.o>KGHii6  axoro  BparaeHHH  npiiBOAiix  k OTpMAaxejibHoii  aiiwao- 
xponiiii  MOJiGKyjiBi.  IIo-BHAHMOMy,  axa  3aT0pM0>KGHH0CXb  iirpaex 
-OCHOBIiyiO  pOJIb  B KpHCTajIJIHBGCKOH  (JiaSG.HSOXaKXHHGCKOrO  IIMMA, 
onTiiHGCKaH  aKHaoTpomiH  Koxoporo  oTpiiAaxGJibHa. 

HanpoxHB,  MOJiGKyji  axiop^Horo  (hjih  pacxBopGHiioro)  1130- 
TaKTiiHGCKoro  nojiHAiepa  6ojiee.  cymecxBGHHafl  pojib  npiinaAJie>KiiT 
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xi;pyroMy  3(J)(J)eKTy  — ji,e(|)opMaii;HH  (yBejiHHeHHH)  BajieHTHOro  yrJia 
B OCHOBHOH  H;enH  BCJieflCTBHe  OTTaJIKHBaHHH  THJKeJIHX  3(J)HpHHX 
rpynir,  c6jiH>KeHHBix  b HsoTaKTHHCCKOM  nojiHMepe.  IlyTeM  npn- 
6jiH>KeHHoro  pac^eia  [22]  mohcho  noKaaaTB,  ^to  ajih  BOSHHKHOBe- 

HHH  nbJIOJKHTeJIBHOH  OnTHHeCKOH  aHH30Tp0nHH  MOHOMepHOrO  3BeHa 

paBHOH  3,2  ‘10"^^  CM^,  Ha6jiiojj;aeMOH  y HsoxaKTH^ecKoro  nojinnepa, 
AocxaTOTOO  AonycTHTb  pacKpurae  BajieHTHoro  yrjia  130°,  ^to, 
HanpHMep,  6jih3KO  k BeJiHTOHe,  Tpe6yeMOH  ajih  oSbHCHeHHH 
aHH30TponHH  MOJieKyjiti  nojiHnaoSyxHJieHa  [22], 

TaKHM  o6pa30M,  HSJiojKeHHaa  paSoxa  noKasMBaex,  axo  b o6ohx 
iiccjieAOBaHHLix  cjiyaaax  (noancxHpoji  h IIMMA)  onxnaecKaa 
aHHBOxponaa  MOHOMepnoro  aBeaa  (a  cjieAOBaxeJiBHO  h Bcea  mojig- 
KyjiH)  BGCBMa  ayBCXBHxejibHa  k cxepeocneii;H(|)iiaHOCxiT  u,enH,  h, 
cjie;i;0Baxeai>H0,  Moa^ex  cjiyjKHXB  KOJiaaecxBGHHOH  Mepoii  ee  cxepeo- 
peryjiapHOCTH,  B KaKoii  Mepe  3x0  cbohcxbo  aBJiaexca  o6ii],hm  AJia 
nojiHMepoB  paaJiHaaoro  cxpoenna  — Moryx  penmxb  jiHinb 
HeamHe  aKcnepHMGHxajibHbie  HccJiGAOBaana. 
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S ummar y 

Practically  the  only  physical  method  of  determining  stereo- 
regularity  is  X-ray  analysis,  permitting  one  to  judge  of  the 
presence  of  a crystalline  structure  in  a given  polymer.  However, 
crystallinity  is  a phase  property,  only  indirectly  reflecting  the 
molecular  structure  of  a substance.  It  is  well  known  that  a stereo- 
specific polymer  may  be  both  in  the  crystalline  and  in  the  amorp- 
hous states. 

It  is  therefore  highly  important  to  find  such  a property  of  the 
polymer  which  would  directly  (and  unilaterally)*  indicate  stereo- 
regularity in  its  structures. 

Attempts  to  use  the  geometrical, properties  of  molecular  chains 
for  this  purpose  have  up  to  the  present  been  unsuccessful,  the 
sizes  of  macromolecules  in  solution  (as  determined  by  viscometry 
or  light  scattering)  being  found  to  be  independent  of  their  stereo- 
regularity. 

In  the  present  work  another  approach  has  been  sought,  the 
attempt  being  made  to  ascertain  whether  the  optical  anisotropy 
of  a molecule  would  be  a more  sensitive  index  of  the  stereospeci- 
ficity of  the  molecular  chain. 

With  this  in  mind  the  flow  birefringence  was  investigated  of 
solutions  of  polystyrene  (from  Dzerzhinsk)  and  of  polymethylme- 
thacrylate (from  the  laboratory  of  A.  A.  Korotkov)  with  va- 
rying degrees  of  stereoregularity.  ‘ 

Experimental  investigation  of  both  polymers  showed  a marked 
increase  in  the’segment  anisotropy  ai  — of  the  macromolecules 
when  passing  from  the  atactic  to  the  isotactic  speci- 
mens. Thus  for  atactic  polystyrene  ai  — a2  = 140-10^®  cm® 
whereas  for  isotactic,  ai  02  = 200-10'^^^  cm®.  In  the  case  of 
polymethylmethacrylate  the  difference  was  still  greater. 

The  increase  in  ai  — a2  in  the  case  of  polystyrene  may  be 
explained  by  the  increased  binderance  to  rotation  of  the  phenyl 
side  chains  on  transition  from  the  atactic  to  the  isotactic  polymer. 

The  interpretation  in  the  case  of  polymethylmethacrylate  is 
not  so  evident  and  requires  further  elucidation. 

At  the  same  time  the  fact  itself  of  the  influence  of  the  stereo-^ 
regularity  of  a polymer  chain  on  its  optical  properties  lays  open 
the  possibility  of  utilizing  the  latter  to  characterize  the  former. 
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Resume 

L* unique  methode  physique  pour  la  determination  de  st6r6o- 
regularite  consiste  essentiellement  a Tanalyse  aux  rayons  X, 
permettant  de  juger  de  la  presence  de  structure  cristalline  dans  le 
polymere.  Cependant  la  cristallinite  est  une  propriety  de  phase  de 
la  substance,  qui  ne  reflete  la  structure  de  ses  molecules  qu’indi- 
rectement,  on  salt  que  le  polymere  stereospecifique  pent  etre  en 
etat  cristallin  aussi  bien  qu’en  6tat  amorphe. 

Aussi  parait-il  bien  essentiel  de  trouver  une  telle  propri6t6 
du  polymere,  qui  reflete  directement  (et  uniquement)  la  st6reo- 
regularite  dans  la  structure  de  ses  molecules. 

Les  tentatives  d’utiliser  dans  ce  but  les  proprietes  geometri- 
ques  des  chaines  moleculaires  n’ont  pas  eu  de  succes  jusqu’a  pr6- 
sent  — les  dimensions  *des  macromolecules  en  solution  (d6- 
derminee  selon  la  viscositd  ou  la  diffusion  de  la  lumiere)  se  sont 
trouvees  independantes  de  leurs  ster6oregularites. 

Dans  ce  travail  une  autre  tentative  a ete  faite  pour  6tablir  si 
Tanisotropie  optique  est  plus  sensible  a la  stdr4ospecificit6  de  la 
chaine  moleculaire. 

A cet  effet  on  a etudie  la  double  refraction  au  flux  des  solutions 
da  polystyrolSne  (de  la  ville  de  Dserginsk)  et  de  polym6thacryr 
late  (du  laboratoire  de  Corotcov  A.)  ayant  un  degre  different  de 
stereoregularite. 

L’essai  a montre  pour  les  deux  polynieres  Taugmentation  de 
Tanisotropie  segment! due  ai  — des  macromol4cules  pendant 
la  transition  de  I’^chantillon  atactique  a Techantillon  isotactique 
Ainsi  pour  le  polystyrolene  atactique  on  trouve  ai  — 02  = 140.* 
40  cm®,  pour  le  styrolene  isotactique  ai  — 02  =.  200  40'^®  cm®. 

Dans  le  cas  de  polystyrolene  Taugmentation  observee  ai  ^ — aa 
pent  etre  expliqu4e  par  Taccroissement  de  I’inhibition  de  rotation 
des  groupes  phenyls  lateraux  durant  la  transition  de  Tdchantillon 
atactique  k Dechantillon  isotactique. 

L’explication  de  I’effet  observe  dans  le  cas  de  polymethylmet- 
hacrylate n’est  pas  completement  evidente,  des  4tudes  ulterieures 
sont  necessaires. 

Pourtant  le  fait  lui-meme  de  Pinfluence  de  la  ster4or4gula- 
rite  de  chaine  pollmerique  sur  ses  proprietes  optiques  donne 
r indication  a la  possibilite  d’utiliser  ces  proprietes  pour  caractd- 

riser  le  degre  de  sa  stereoregularite. 

\ 
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MHKPOTAKTHHHOCTb  nOJIHMEPOB 
H MET03W  EE  HCCJlEflOBAHHfl 

T.  M,  E u puim  eiin^  lO*  rom  .^u6,  O.  E.  nmui^hin 

(CCCP) 


BBe^eHMe 

MccjieftOBaHHe  CTenenH  CTepeocneu.H4)HTOOCTH  nojiHMepoB  bh- 
HHjiOBoro  pHAa  bo  bcgm  HHTepBajie  HSMeneHHH  cxepeoxHMH^ecKOH 
CTpyKTypH  n;eneH  Tpe6yeT  paapaSoTKH  motoaob,  ocHOBanHHx  Ha 
cBOHCTBax, '3aBHCflin,Hx  He  OT  peryjiHpHOCTH  CTpyKxypBi  D,enH  Ha 
6ojibniHX  ynacxKax  (naK,  nanpnMep,  cxeneHL  KpncxajiJiHHHOCXH), 
a HenbcpeACXBeHHO  ox  «MHKpoxaKXHHHOCXH»  AenH  (BepoHXHOcxen 
H30-  H CHHAHOXaKXHHeCKOrO  npHCOeAHHeHHH  MOHOMepOB).  B03M0HC- 
Hocxb  pa3pa6oxKH  xannx  mgxoaob  onpeAeJinexcn  saBHCHMOCxbp 
PHAa  CBOHCXB  MaKpOMOJieKyJI  ox  KOH(|)OpMai];HH  MOHOMepHHX  eAH- 
HHIi;,  paSJIHHHHX  AJIH  H30XaKXHHeCK0r0  H CHHAHOXaKXHHeCKOrO 
npHcoeAHHeHHH  hx  APyr  k Apyry.  Hhjkg  6yAyT  KpaxKO  H3Jio>KeHBi 
pe3yjiBxaxBi  pnAa  BBinoJiHeHHHX  afixopanii  3a  nocjieAHne  toam  pa- 
60X,  nocBHni,eHHBrx  xeopnn  (|)H3HHecKHx  motoaob  onpeAeJienHH  mh- 
KpOXaKXHHHOCXH  (o630p  npe>KHHX  pa6oX  B 3X0H  o6jiaCXH  CM,  b [2]). 


KoH<|>opMai;nn  h30-  h CHHAHoxaKXHHecKHX  MaKpoMOJieKyji 

B KpHCxajiJie  H pacTBope 

Oahhm  H3  Hac,  coBMecxHo  c niapoHOBHM  [3]  6bijio  BHCKaaano 
npeAnoJiOBKeHHe,  hto  KpHCxaHJinnecKaH  cxpynxypa  MaKpoMOJie- 
KyJI  OnpeAeAHeXCH  BHyxpHMOJieKyJIHpHBIMH  BSaHMOAeHCXBHHMH, 
BCAeACXBHe  Hero  6jih>khhh  oahomophlih  nopHAOK  b cxaxncxHHecKH 
CBepHyxBix  MaKpoMOJieKyjiax  aHajiorHHen  AaJiBHeMy  OAHQMepnoMy 
nopHAKy  B KpHCxajiJie.  BnocJieACXBHH  6hjio  noKasano  [4/5],  hxo 
KpHcxajiJiHHecKHe  KOH$opMaiiiHH  AeneH  xnna  ( — CH2  — CHR — )n, 
AeHcxBHxeJibHO,  oxBenaiox  MHHHMajibHOMy  nepeKpLiBaHHio  Ban-AGp" 
BaajibCOBHx  c$ep  BajienxHO  He  CBaaaHHbix  axoMOB.  KoH(|)opMan;HH 
MOHOMepHBIX  eAHHHIi;  npH  H30XaKXHHeCK0M  npHCOeAHHeHHH  xapaK- 
xepnayioxcH  yrjiaMH  BHyxpennero  Bpani^eHHH  (0°,  +120°)  hjih 
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0°)  (cnnpajib  3i),  a npn  CHHAHOTaKTHHecKOM  npHCOcAH- 
HeHHH  — yrJiaMH  (0°,  0°)  (b  cBepnyTHX  MOJieKyjiax  HMeeTCH  TaKHce. 
Menee  BHroAHan  KOH(J)opMaij;HH  ( — 120°,  — 120°),  npH^en  abb  co- 
ceAHHe  MOHOMepHue  eAHHHAu  He  Moryi  HMexb  axy  KOH^opMaAHio). 
Hajiunne  cnnpajibHoro  Ojinmnero  nopHAKa  b CBepHyTtix  HsoxaK- 
THHecKHx  MaKpOMOJieKyjiax  neA^BHO  Sbijio  noAXBepHCAGHO  cneKxpo- 
CKOHHHeCKHM  nyxBM  [6]. 

OH3HHecKHe  cBOHCTBa  MaKpoMOflCKyj!  B pacTBopc 

ThSkocxe  MaKpoMOJieKyji  b pacxBope  MO>Kex  6hxi>  oSycjiOBJiena 
KpyXHJIBHHMH  KOJie6aHHHMH  BBeHbeB  (7]  H HOBOpOTHOH  H30MepH^ 

saAHeH  [8],  KaK  6hjio  noKaaaHO  naMH  [5,  9]  h ApyrHMH  aBxopa- 
MH  [10,  11],  C nOMOmbK)  OAHHX  KpyXHJIbHHX  KOJie6aHHH  HeB03- 
MO)KHO  o6x»flCHHXb  3KCnepHMeHXaJIbHHe  SHaHeHHfl  CpeAHHX  KBaA- 
paxoB  pasMepoB  [12]  h AHnojibHux  momghxob  [13]  HaoxaKxnnecKHx: 
MaKpoMOJieKyji  npa  i[H)6bix  sHaHeHHax  annjiHxyA  KOJie6aHHH 
(noHHXKa  corJiacoBaxb  c ontixHHMH  AannuMH  PAny  H3  bxhx  bgjih-^ 
HHH  npHBOAHX  K paCXOJKAGHHK)  APyrOH  BeJIHHHHH  C OHblXHHMH  A^H- 

HHMH  B 2—4  pasa);  a^ih  CHHAHOxaKXHHecKHx  MaKpoMOJieKyji  xaKoe 
oSbflCHeHHe  xoxH  h bo3mo>kho,  ho  xpe6yex  cjihhikom  6ojibniHX 
aMHJiHxyA  KpyxHJibHHx  KOJie6aHHH.( — 50°)  [5].  IIoaxoMy  npeA-na- 
raeMan  xeopHH  HBJiaexcH  noBopoxHO-nsoMepHOH,  npHHeM  b oxjih- 
HHe  ox  npejKHHx  pa6ox  b axon  oSjiacxM,  yaHXbiBaex  B3aHMOCBH3b 
KOH(|)OpMaAHH  COCeAHHX  MOHOMepHEiX  eAHHHH;,  X.  e.  TO  o6cXOflTeJIb- 
CTBO,  Hxo  MaKpoMOJieKyjia  npeACxaBJiHex  co6oh  jinHennyio  Koone- 
paxHBHyH)  CHCxeMy.  B cooxsexcxBHH  c bxhm  ycpeAHenne  BeKxop- 
HMX  H XeHBOpHblX  xapaKXepHCXHK  MOJieKyjI  np0H3B0AHJI0Cb  C HO- 
MOiAbK)  MaxpHHHoro  MexoAa  moaojih  HsHnra  (cm.,  nanpHMep,  [14]), 
o6o6ni,eHHoro  naMH  [9,  15,  16]  h nesaBiicHMO  JIh^cohom  [17]  na 
cjiyaan,  KorAa  ycpeAsaeMHe  BeJiHHHHbi  npeACxaBJiHiox  co6oh  $yHK- 
H.HH  He  HHCJia,  a MaxpHu;. 

TeopHH  npHBOAHX  k cjieAyioiAHM  BHpajKenHHM  aJih  cpeAHero 
KBaApaxa  paccxoHHHH  MencAy  KOHAann  [9],  cpeAHero  KsaApaxa 
AHHOJibHoro  MOMeHxa  ^ [9]  h cpeAHen  onxHnecKOH  aHHsoxporiHH 
AA  [16]  H30xaKTHHecKHx  MaKpoMOJieKyji  xHtia  ( — CH2  — CHR — )n 


hl  = 2nl^  (1  + cosap. 

1 

(1) 

^ . 1 — cos  a 

Pi  ' - 

° 0 1 — cos  a 1 — cos  P 

+ cos.-  2 • 

fe) 

^ * 5 sin^  a 

1 

Pi  

(3) 

cxeneHb  nojiHMepH3aii;HH,  1 — 

- AJIHHa  CBH3H  C - 

- c. 

m — AHnojibHbiH  momohx  MOHOMepnoH eAHHHAU,  . Ay  — 
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OltTHTOKaH  aHH30TponHH  MOHOMepHOH  B OCflX  cnHpajiH,  a — 

BajiGHTHHH  yroji  B rJiaBHOH  i^enn,  tz  — p — BajienTHHH  yroji  tt  — 
B npHBeCKe,  — OTHomenHe  BepoKTHOCTea  pasJiHTOHX  a OAHna- 
KOBHX  KOH^OpMaUlHH  COCGAHHX  MOHOMepHHX  CHHffHO- 

TaKTHaecKHx  MaKpoMOJieKyji  THna  {—CHz  — CHR^)n  c Texpa- 
a;^'PH^eGKHMH  BajieHTHbiMH  yrjiaMH  [5]: 

/if  = + (4) 


' “i  1 2 1 + ^"8  1 /r, 

= ,5) 

TAG  Pa  — OTHOniGHHe  BGpOHTHOCTGH  KOH$OpMan;HH  (—120°,  —120°) 
a (0°,  0°)  cjiGAyiomax  3a'‘KOH$opMaii;aea  (0°,  0°). 

ypaBHGHaa  (1),J2),  a (5)  xopomo  onacHBaioT  aKcacpaMGa- 
TajibHbiG 'AaHHiiG  o a [x^  H30-  H .caHAHOTaKTaaGCKoro  ^ nojiacTH- 
pojia  a Gro  rajioHA3aMGni,GHHBix  npa  saaHGHHHx  napaMGxpoB 
Pi  = 0,35  [91  a /?s  = 0,62  [51.  9to  oCosHaaaGT,  axo  aaoxaKxaaG- 
CKHG  MaKpoMOJiGKyjibi  iiojiacxHpoJia  cocxoHX  aa  oxpesKOB  npaBux 
a jiGBHX  cnapajiea  3i,  coAepacan^ax  b cpeAHGM 

V=  (1  +/?i)/jDi  = 4 

MOHOMopatie  GAaaHAbi,  a caaAaoxaKxaaGCKaG  MaKpoMOJiGKyjiu  — 
a3  oxpG3KOB  njiocKoa  xpaac-AGna,  coAepjKaiAax  b cpgahgm  3 mo- 
HOMGpHHG  GAanaAbi  a pasAeJieHHbix  MOHOMGpHbiMa  GAaHan;aMa 

B CBepHjTTHx  KOH^opMaitHax  (—120°,  —120°).  ypaBHenne  (3) 
npa  Pi  = 0,35  oiiHCHBaeT  TaKJKe  aKcnepHMeHTajibHHe  flaHHtie  o6 
onxaHGCKOa  aHaaoxponaa  asoxaKxa^GCKoro  nojiacxapojia  [20], 
Gcra  c^Bxaxb,  hto  SGaaojibHbiG  KOJibD,a  coBGpmaiox  KpyxajibHHG 
KOJiG6aHafl  c aMajiaxyAoa,  ae  npeBbiaiaioiAGa  30°  [16,  21]. 

KoppGAHAafl;  MGjKAy  KOH(|)opMaiji,aHMa  cocgahbx  mohomgphhx 
gahhba  o6ycjiaBJiBBaGxcB;  BsaaMOAeacxBaGM  hg  cocgahbx  mbcchb- 

HblX  npHBGCKOB,  KOXOpOG  AOJI>KHO  HpHBOAHXb  xaKJKG  K KOppGJIH- 
HHB  MGH^Ay  BGpOHXHOQXHMH  a30-  H CHHABOXaKXH^GCKHX  npaCOGAH- 
HGHaa  riOCJIGAOBaXGJIbHbIX  MOHOMGPHHX  GAHHHA  npa  POCXG  AGIIH 
B npoAGCCG  HOJiHMGpaaaAaa.  9xo  oSbhchhgx  oSpaaoBanaG  cxGpG- 
o6jIOB[HHX  nOJIHMGpOB,  COCXOHHI^aX  H3  ^GpGAyiOnXBXCH  H30-  B CHH- 
AHoxaKxaaecKBx  nocjiGAOBaxejibHocxGa  [22] . 

PaSJIHHHHG  KOH$OpMan;HH  MOHOMGPHHX  GAHHHH;  B H30-  H CHH- 
AHOXaKTHHGCKHX  MBKpOMOJIGKyjiax  HpHBOAHX  K paSJIHHHHM  HX 
CBoacxB  B*  pacxBopG,  KaK  3X0  6hjio  npGACKaaaHO  naMa  Gni;G  b 

^ VpaBHemifl  (4)  h (5)  cpaBHHBajiHCb  c obhthhmh  AanBLiMH  ajih  aiPi - 
THHecKOro  nojiHCTHpojia  a ero  rajiOHAoaaMemeHHHX  [18,  19],  cTpoeniK-  ko- 
Topiax,  nO-BHAHMOMy,  6jIH3KO  K CHHAHOTaKTH^eCKOMy. 
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1954  r.  [23,  24]  h He^aBHO  noATBepjKAeno  BKcnepHMeHxajibHo 
AJiH  pasMepoB  [12],  ahhojibhhx  MOMeHXOB  [13]  H onxHHecKHx  ann- 
aoxpoiiHH  [20]  H30xaKXHHecKoro  h axaKXH^ecKoro  noJiHCxnpoJia. 
9x11  pasJiHTOfl,  oco6eHHO  sHaHHxejiBHHe  onxHHecKHx  aHH30- 

xponHH  [20],  tab  ohh  b anaHHxejibHOH  cxenenn  onpeAeJiflioxcH 
paajiiiHHOH  CB060AOH  BpaiAGHHH  npHBGCKOB  [20,  25],  MOryx  Ohxb 

HGIIOJIt30BaHIiI  A^I^  OnpeABJIBHHH  MHKpOXaKTHTOOCXH, 

HH4)paKpaBHbie  cnekxpbi  

Hn^paKpacHbiH  AH^xpr>H3M  H30-  h CHHAHOxaKxn^ecKHX  Manpo- 
MOJIGKyjI  XHna  ( — CH2  — CHR  — )n  6bIXb  paSJIHTOtlM, 

XaK  KaK  B nGpBOM  CJiy'iaG  OpiIGHXHpyiOIAHMHCH  6AHHIII],aMH  HBJIfl- 
loxcfl  oxpesKH  cHHpajieH  3i,  a bo  BxopoM  — oxpesKH  nJiocKHX  xpanc- 
n;eneH  [26].  JI,HxpoHTObie  oxnoineHHH 


i?  = (e„  — Eg)  / (s„  .+  2eg) 

eg onxH^ecKHe  hjioxhocxh  ajih  HSJiyneHHH,  noJinpHsoBan- 

Horo  napajiJieJibHO  h nepneHAHKy:iHpHO  HanpaBJieHHio  Ae^opMapHH 
njifl  HCKorepeHTHHX  Koiie6aHHH  CHR-rpynn)  noA'niHHioTCH 
cooTHOnieHHflM  R(l)  : R(2)  : R(3)  = -1  : 2 : -1  AJIh  chhaho- 
TaKTH^ecKHX  Aenefi  H — 1 ; | : - g AJis  naoTaKTHTOCKHX  penefi 

/I  2 3 KOJie6aHHK,  nojiHpHaoBaHHbie  no  cbbsh  GR  hjih  CH, 

nepneHAHKyjiHpHO  njiocKOCTH  CHR  h nepneHAHKynapHO  k nepaHM 
Asyw).  flJia  Koae6aHHH  CH2  — rpynn  R(I)  : R(n)  : R(III)  = 

_ 1 ■ 2 • 1 A® 51  CHHAHOxaKTHaecKHX  neneii  h 0 : 1 : — 1 AJiA 

HaoxaKTHaecKHX  Aenefi  (I,  II,  HI  - Kone6aHHH,  noaapHaoBaHHHe 
no  encceKxpnce  yraa  HCH,  nepnenAHKynapno  naocKocxn  GHa 
n nepneHAHKynapno  k nepBHM  AByn).  Hannane  cbh3h  MewAy 
KOJieSaHHHMH  B coceAHHX  MonoMepHHX  OAHHHAax  npHBOAHX  K pac- 
lAenaennio  noJioc  [26,  28],  npnaeM  oxHoraenna  HHxencHBHOCxeH 
pacn],enaeHHHX  KOMnonenx  n nx  AHxponaM  paannanH  a-bh  hbo- 
H cHHAHOxaKxnaecKHx  Monenya.  HanpnMep,  AJia  Koaeoanna 
CHR-rpynnH  xnna  1 b naoxaKXHaecKon  ipnn  yKaaannoe  oxno- 
inenne  paBHO  ^/g,  a a^ih  cnnAHOxaKxnaecKOH  penn  ^/g-,  a^ih  Koae- 
6anHH  CHa  — rpynn  padpenaenne  aojukho  nponcxoAnxb  xoabKO 

B HSOXaKXH^eCKOBL  Aeliii.  / 

Pasanane  b HH^paKpacnoM  AUxponaMe  HaoiaKxnaecKoro  n 
axaKxnaecKoro  noannponnaena  6Hao  nepaBHO  aKcnepnMenxaabno 
oenapyateno  BoaanoM  n Po6epMaH  [29],  Koxopne  socnoabsoBaancb 
axHM  pasananeM  AJia^openKH  MHKpoxaKxnanocxn  noanaponnaenoB 
pasJiHTOoro  npoHCXOH^AeHHK.  B xoh  me  pa6oxe  o&napyH^eHO 
(b  pacxHHyxHX  o6pa3Aax)  npeACKasanHoe  xeopneH  pacmenAGHiie 
iiojioc  B HsoxaKXH^ecKOM  nojnmponmieHe. 
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noTeHi^HOMexpH^ecKoe  THxpoBaHHe 
H pasMepbi  MOJieKyji  nojinajieKxpojiHxoB 

' KoH4)opMai{,HH  MOHOMepHHx  BAHHHn;  onpeAejifliOT  BaanMOAen- 
CTBHe  6jiH3KHX.3apHH<eHHHx  rpynn  B nojiHajieKxpojiHTax,  Koxopoe 
GyZAeCXBGHHO  . BJIHHeX  Ha  KpHBHG  HQTeHAHOMeTpHHeCKOrO  , XHXpO- 

BaHHH  [30—3.4];  PacHex  KOHCxanTH  ApiiT,  xapaKxepHayion^eH  axo 
BJiHHHHe,  Aaex  (ajih  boahoxo  pacxBopa  c hohhoh  chjioh  10"^  N) 
1,0  aJih  HaoTaKTHHecKoro  h 1,1  a^ih  CHHAHOxaKTHHecKoro  hojih- 
aJieKxpojiHTa  xnna  (— CH2  — CHR— )„  [35].  HecMOTpa  na  opnen- 
xHpoBOTOHH  xapaKxep  axoro  pacnexa,  oh  noKaaHBaex,  hto  mhkpo- 
xaKXHHHOCXb  noJiHMepoB  MOHcex  6biTb  B npHHAHne  onpeAejieHa 
npH  noMoni,H  noxeHAHOMexpHHecKoro  xnxpoBaHHH.  AnajiorHHHbie 
COoSpajKGHHH  npHMeHHMLI  H K Ha6jIIOAaeMI)IM  Ha  OHblXe  paSJIHHHHM 
B KHHGXHKe  peaKAHH  B AenHX  AJIfl  H30-  H CHHAHOXaKTHHeCKHX  HO- 

cjieAOBaxejiBHOcxeH  [36,  37]. 

IIpeACKaaaHHoe  b paSoxe  Jln^cona  [34]  yMeHtmeHne  paaMepoB 
MOJIGKyJI  HOJIHaJieKXpOJIHXOB  H3-3a  BSaHMOAGHCXBHH  COCGAHHX 
aapHJKGHHHX  rpynn  noATBepntAaexcH  ynexoM  peajibHbix  KOH^pp-: 
Man;HH  mohomgphbix  ©ahhha  jimab  A^a  CHHAHOxaKXHHGCKHx  nojiH- 
aJieKTpoOTTOB  [35],  rse  yMCHBineHHe  h^,  oii;eHeHHoe  no  ypasne-: 
HHio  (4),  cocTaBJinex  25%.  HBOxaKTnnecKHx  MaKpoMoneKyji 
BsaHMOAencxBHe  6iih3Khx  aapawennux  .rpynn,  nanpoxiiB,  yne^ 
JiHHHBaex  pasMOpH  ^eneH,  npnneM  Bejrannna  3(J)$eKxa  chjibho 
saBHCHx  ox  xonnHx  ananennS  yrJioB  Bnyxpennero  Bpan],eHHH,  xa- 
paKxepnayionpix  KOH$bpMan;HH  mohomophhx  e^Hnni^.  IIoaxoMy 
yBejinnenne  pasMopoB  MOJieKyji  nojinajieKipojinxoB  c pocxoM  cxe- 
nenn  aHCCo^Ha^HH  bojijkho  6hxb  fljia  CHH^HOxaKxnnecKHx  nojin- 

M6pOB  MGHGG  pG3KHM,  HGAI  A*^B^  H30TaKTHHGCKHX,  HXO  XaKJKG  MOJKGT 
Bhxb  HcnoJiBBOBano  jxna  on;eHKH  MHKpoxaKxnnnocxn  [35],  BaanMo- 
AOHCXBHH  6jih3Khx  aapHHceHHBix  rpynn  aojijkhh  CKaBHBaxBcn  na 
OHXHHGCKHX  aHnsOTpOHHflX  MaKpOMOJIGKyjI  npHMGpHO  XaK  5KG  KBK 
H Ha  Hx  paaMGpax. 
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Summary 

The  microtacticity  (degree  of  stereospecificity)  of  polyvinyl 
polymers  with  asymmetric  side  chains  is  determined  by  the  compe^ 
tition  between  the  stereospecific  influence  of  the  catalyst  (if  the 
polymerization  is  of  a catalytic  nature)  and  of  the  end  of  the 
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growingchain.  The  stereospecific  influence  of  the  latter  is  due  to  the 
differences  in  the  transition  state  energies  corresponding  to  iso- 
tactic and  syndiotactic  addition.  These  differences  are  associated 
"wUh  Van  der  Waals  repulsion  of  the  massive  chain  groups,  deter- 
mining also  chain  flexibility. 

The  conception  being  developed  by  the  authors  of  the  effect  of 
•chain  flexibility  on  the  physical  properties  of  a polymer  shows  that 
an  important  part  is  played  by  the  interaction  not  only  between 
neighboring  massive  branches  but  also  between  the  nearer  of  the 
none  neighboring  groups.  This  leads  to  dependence  of  the  probabi- 
lity of  isotactic  or  syndiotactic  addition  of  the  monomer  on  the 
manner  of  addition  of  the  previous  molecule,  explaining  the  for- 
mation of  stereoblock  polymers  of  which  the  chains  consist  of  alter- 
nate iso-  and  syndiotactic  arrangements. 

A quantitative  method  of  studying  the  effect  of  polymeriza- 
tion conditions  on  the  microtactic  state  of  the  polymers  should 
be  based  on  physical  properties  depending  directly  on  the  proba- 
bility of  iso-  and  syndiotactic  addition  rather  than  on  the  stereo- 
regularity of  large  regions  (such  asdegree  of  crystallinity).  A theory 
of  the  geometrical,  electrical  and  optical  properties  of  macromo- 
lecules has  been  developed,  predicting  the  relation  between  these 
properties  and  the  microtactic  state  of  the  chain.  The  theory  re- 
cently received  experimental  verification  as  to  the  sizes  (Krig- 
baum,  Carpenter  and  Newman)  dipole  moments  (Krigbaum  and 
R!oy)  and  optical  anisotropy  (Tsvetkov  and  Magarik)  of  isotactic 
and  syndiotactic  polystyrene  molecules.  A method  of  investiga- 
ting the  microtactic  state  with  the  aid  of  the  infra  red  dichroism 
of  stereoisomeric  polymers  has  also  been  proposed. 


Resume 

La  microtacticite  (degre  de  stereospecificit6)  ‘ des  polymeres 
polyvinyliques,  qui  ont  des  appendices  assymetriques,  est  d6ter- 
minee  par  une  concurrence  des  influences  stereoscopiques  du  cata- 
lyseur  (si  la  polymerisation  a le  caractere  catalytique)  et  du  bout 
d’une  chaine  croissante.  L’influence  stereoscopique  du  bout  de 
chaine  croissante  est  due  aux  diversit^s  en  energies  des  etats  de 
transfert  qui  correspondent  a Taddition  isotactique  et  syndiota- 
ctique.  Ces  diversit^s  sont  liees  avec  le  repoussement  de  Van-der- 
V^als  des  grbupes  massifs  de  la  chaine,  qui  determine  6galement  la 
flexibilite  des  macromolecules.  La  theorie,  developpee  par  les 
auteurs,  de  Tinfluence  de  flexibilite  des  chaines  polymeriques  sur 
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leiirs  proprietes  physiques  montre  que  le  role  essentiel  est  jou6 
par  raction  reciproque  non  seulement  entre  les  appendices  mas- 
sifs voisins  mais  et  entre  les  plus  proches  appendices  qui  ne  sont 
pas  voisins.  Ce  fait  mene  a ce  que  la  probabilite  d’addition  isota- 
€tique  et  syndiotactique  du  monom&re  depend  du  mode  d^addition 
du  monomere  precedent;  cela  nous  permet  d’expliquer  le  meca- 
•nisme  de  la  formation  des  polymeres  a stereobloc,  dont  les  chaines 
se  composent  des  success! vites  alternatives  isotactiques  et  syndio- 
(tactiques. 

La  methode  quantitative  de  l’ etude  de  I’influence  des  condi- 
tions de  polymerisation  sur  la  microtacticite  des  polymeres  obte- 
nus  doit  se  fonder  aux  proprietes  physiques  qui  ne  dependent  pas 
des  stereo  — regularites  de  chaine  sur  de  grandes  sections  (comme 
le  degre  de  cristallinite),  mais  directement  des  probabilit6s  d’ad- 
dition des  monomeres  isotactique  et  syndiotactique.  On  a deve- 
ioppe  une  theorie  des  proprietes  geometriques,  electriques  et 
-optiques  de  macromolecules.  La  theorie  prevoit  la  dependance 
de  ces  proprietes  de  la  microtacticite  de  chaine,  ce  qui  a recemment 
•ete  confirme  experimentalement  sur  I’exemple  des  dimensions 
(Crigbaum,  Carpenter  et  Newman),  des  moments  de  dipole  (Crig- 
baum  et  Roy)  et  des  anisotropies  optiques  (Tsvetcov  et  Magarik) 
de  molecules  de  polystyrolene  isotactiqiie  et  atactique.  Une  met- 
hode pour  I’etude  de  microtacticite  moyennant  le  dichroisme 
infrarouge  des  polymeres  stereoisomeres  est  proposee. 
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O KAPBOHHEBOM  H KAPBAHHOHHOM  MEXAHnSME 
^OJIHMEPH3A^HH  IIOJ^  BJIHHHHEM 
rAMMA-HSJIYHEHHfl 

A*fl,,A6Kun^  A,  II- nt  eiiMKe 
M.  K.  Jl,  U.  M eotc  n p o e a 

(CCCP) 


MnoroHHCJieHHBie  HCCJieaoBaHHH  [1 — 6],  BtinojiHeHHLie  panee, 
npHBO^HJIH  K BLIBO^y  0 paAHKaJIBHOM  MexaHH3Me  nOJIHMepH3aiI,HH 
noA  AeScTBHeM  a^epHtix  HSJiyaeHHH. 

OAHaKO  B nocjieAHee  speMa  6hjio  noKasano,  ^to  paAnaAnonnaa 
noJiHMepHsaAHa,  npoBOAHMaa  b onpeAeJieHHHX  ycjiOBHax,  b ^a- 
CTHOCTH  npn  HH3KHX  TGMnepaTypax,  npoTeKaex  no  Kap6oHHeBOMy 

MexaHH3My  [7 — 19]. 

KapSaHHOHHBiH  MexaHH3M  noJiHMepiisaAHii  noA  BJiHaHHOM 
Y-JiyneH  6biji  onncan  asTopaMH  Aannoro  coo6ii];eHHa[20].  Bbijio  ycxa- 
HOBJieno,  nxo  cnoco6HOCTB  k noJiHMepHsaAHH  no  TOMy  hjih  nnoMy 
MexaHHSMy  (Kap6oHHeBOMy  hjih  Kap6aHHOHHOMy)  b ycjiOBnax  hii3- 
KHx  xeMnepaxyp  onpoAeJiaexca  ne  tojilko  xHMHnecKHM  cxpoenneM 
MOHOMepa,  HO  H npnpoAOH  cpeABi,  b Koxopon  npoBOAHxca  nojiHMe- 
pHsaAHa. 

HacToamee  cooSiAeime  nocBameHo  paccMOxpeHHio  pesyjitxa- 
TOB,  noJiyaeHHBix  npn  HCCJieAOBanHH  nojiHMepHaaAHH  h cohojih- 
MepHsaAHH  noA  AencxEnen  y-Jiyaeii  cxnpojia  h naoSyxHJiena,  cth- 
pojia  h MexHJiMcxaKpHJiaxa,  a TaK>Ke  aKpnjiOHHxpHJia  h cxnpojia. 

Ohbixli  npoBOAHJiH  Ha  ncxoHHHKe  Co®®  UncxHxyxa  hm. 
JI.  H.  KapnoBa  moeahocxbh)  20000 Ra[21].  J^JianaSjiioAeHHa 
HaA  CKopocxBK)  npoAecca  b ycjiOBHax  oGjiyaenna  npHMeHaJiir  AHJia- 
TOMexpBI  CneAHaJIBHOH  KOHCXpyKAHH,  B KOXOpHX  yMGHBineHHe  o6x>- 
€Ma  npnnojiHMepHsaAHH  perHcxpHpoBajiocbno  HSMeneHHioaJieKxpH- 
necKoro  conpoxHBJieHHa  nJiaxHHOBOH  npoBOJiOKH,  BnaaHHOH  b Ka- 
HHJiJiap  AHJiaxoMexpa.  TmaxeJibHO  oaniAeHHHe  MOHOMepu:  bboah- 
jiH  B AHJiaxoMexp  b BanyyMe  b oxcyxcxBiie  B03Ayxa  h BJiarn. 
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KapSoHHeBbiH  MexaHiisM  nojiHMepHaaT^iiii 

Cmupoji  (1)  — MemujiMemaKpujiam  (2) 

noJinMepH3aii;HK)  npoBOAHJiH  b pacTBope  b xjropncTOM  axHJie 
{2,0  MOJih/ji)  npn  —78°  h moiahocth  aosh  130  p/ccK,  Hocjie  peaKAim 
noJiHMep  ocajKAajiH  H3  pacxBopa  MexHJiOBHM  cmipxoM.  Cocxas 
conojiHMepoB  onpeAeJiHJin  no  pesyjibxaxaM  ajieMenxapnoro  anajinsa. 
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a 6 

PhC.  1.  KpHBaa  SaBHCIIMOCTII  CKOpOCTH  COnOJIHMepH3aAHII 

•a:  MeTHJiMeTaKpHjiaTa  (B)  h CTHpoJia  b xjiophctom  STHjie  (2  MOAb/ji)  ot  na^ajiLHoro  cocTaBa 
MOHOMepHoit  CMCCH  HpH  TeMHepaTypc  —78®;  MomnocTb  hosu  130  p/cew.  To^kh  — aKcnepn- 
MeHTajiLHfcie  jiaHHue,  KpnBbie  — paccMHTaHH  no  ypaBnennio  npn  X = 10  ><  = 440-10® 
0;  HaoOyrHJiena  (A)  h cTnpoJia  b xjiophctom  bthjic  (2,5  MOAb/ji)  ot  HaqajiBHoro  cocTaBa  mo- 
•HOMepHoii  CMCCH  npn  TCMnepaType  —78®;  MomnocTb  jio3h  125  p/cen.  XonKii  — oKcne- 
►pHMeHTajiBHue  a^hhuc,  KpHBan — paccnHTana  no  ypaBHCHHio  npn  X=:4  n x = 8 *J0®* 

Bhjio  yGxanoBJieno,  nxo  o6pa3yion],Hecn  conojiHMepH  cnnbHO 
o6orani;eHH  cxnpoJibHiiM  KOMnonenxoM  no  cpaBnennio  c iicxoahoh 
CMectK).  HanAeno:  n = 20;  r2  — 0,005^. 

Panee  naMii  6hjio  nonasano,  nxo  oxnocnxeJiBHoe  KOJinnecxBO 
cxnpoJiBHOro  KOMnonenxa  yBeJinnHBaexca  npn  nonuTKennH  xeMne- 
paxypti  peaKAHH  [10].  Ilpn  noJiHMepnsaAHH  axnx  MonoMepoB  noA 
AGHCXBHeM  y-jiyneii  npn  25°  n = 0,63  n n — 0,50  [15].  Ilpn  nojin- 
MepHaaAHH,  imnAHiipoBaHHOH  nepoKHCbio  (60°),  n = 0,52;  n — 
-0,46  [23]. 

B CJiynae  KaxnoHHbix  KaxajinaaxopoB  n =10,5;  r2  = 0,1  [15], 
aHHOHHtix  — naoSopox:  n = 0,1;  n — 6,0  [15]. 

^ n H r2  BO  Bcex  cjiy^aax  paccHHTUBaaH  no  ypaBHennio  cocTasa  [22]: 
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IIojiyHeHHHe  naMH  ji;aHHHe  o cocTaBe  conojiHMepoB  CBHAeTeJit- 
CTByioT  0 Kap6oHHeBOM  MexaHH3Me  noJiHMepH3aii;HH.  B nojibay 
9Toro  MexaHH3Ma  roBopHT  TaKJKe  HaHAennaH  saBHCHMOCXB  cKopb- 
CTH  COBMGCTHOH  noJiHMepH3aii;HH  CTHpojia  H MeTHJiMexaKpHJiaTa  or 
cocTasa  MOHOMepnoH  cmgch. 

J|,o6aBJieHHe  k CTnpoay  najiHx  KOJiH^ecTB  (10  moji%.)  Meraji- 
MexaKpHJiaTa  npuBOAHT  k CHJitHOMy  yMeHtmenHio  CKopocxH  hojih* 
MepH3an;HH. 

HHinSHpoBaHHe  nojiHMepHsai^HH  MexHJiMexaKpnJiaxoM  6lijio  o6- 
HapyjKOHO  xaKHte  npH  nojiHMepH3aii;HH  b AHXJiopaxane  [12], 

Kan  H3BecxHO,  b cjiy^ae  paAHKajibHOH  noJiHMepnaaAHH  bxoh  na- 
pH  MOHOMepoB  BHraOnpoBaHHe  npoii;ecca  HaOjiioAaexCfl  npH  Ao6aB- 
jieHHH  cxHpojia  [24 — 26], 

CjieAyex  oxMexHxt,  ^xo  npH  nojiHMepHaan^H  b xjiopncxoM  9xh- 
Jie,  HapHAy  c noJiHMepoM,  dOpaayexcH  HH3K0M0JieKyjiHpHHH  npo- 
AyKx  (moji.  Bee  361),  koxophh  mgxhjiobhm  cnnpxoM  hs  pacxBopa  ne 
ocajKAaexcH  h b oxjimHe  ox  nojinnepa  coAepH<Hx  xjiop. 

Il3o6ymuJieH  (1)  — cmupoji  (2) 

noJiHMepH3aii;HH)  npoBOAHJia  b pacxBope  b xJiopncxoM  axHJie 
(2\b  MOJih/j^  npH  xeMnepaxype  —78°  h moiahocxh  ao3h  125  p/cen. 
IIoAHMep  ocajKAajiH  H3  pacxBopa  nocjie  peaKAHH  MexHJioBHM  ennp- 
xoM.  Bhjio  npejKAe  Bcero  noKaaano,  ^xo  o6pa3yiom;HecH  cohojih- 
MepH  o6oraiii;eHH  H3o6yxHJieHOBHM  KOMnoHenxoM  no  cpaBHennio 
c HcxoAHOH  CMecbK)  (AaHHHe  ajieMGHxapHoro  anajinaa).  HanA^Ho: 
ri  = 3,5;  72  = 0,33. 

SaBHCHMOCXB  CKOpOCXH  COBMGCXHOH  nojiHMepH3an;HH  HSoOyXHJIG- 

na  H cxnpojia  ox  coexaBa  hcxoahoh  cmgch  onncHBaexca  kphboh, 
npeACxaBJieHHOH  na  pnc.  1,  6.  H3  axoro  pneynKa  bhaho,  nxo  cko- 
poeXH  COBMGCXHOH  nOJIHMepH3an;HH  HHH^e  CKOpOCXGH  nojiHMepHsa- 
AHH  MOHOMGpOB  B OXACJILHOCXH. 

KaK  H3BecxHO,  npn  0°  HsoOyxHJien  npaKXHnecKH  ne  hojihmgph- 
3yexcH  [7,  10]  h KHnexHKa  cobmgcxhoh  nojiHMepH3aii;HH,  Kan  6hjio 
ycxanoBJiGHo  naiviH,  xapaKxepHsyexcH  hhoh  saBHCHMocxbio. 

CymeCXBGHHHM  AJIH  paCCMOXpGHHH  MGXaHHBMa  nOJIHMepH3ai],HH 
HBJiflioxcH  xaKJKG  cjiGAyion^HG  pesyjibxaxH: 

1)  CKopocxH  pa3AejibHOH  nojiHMepH3ai];HH  cxnpojia  h H3o6yxH- 

JiGHa  nponopAHOHajiBHH  moiahocxh  ao3h  b nepBOH  cxeneHH  (17 

130  plceK)\  9xa  saBHCHMocxb  HBjiaexcH  pxjihhhxgjibhoh  ocoSghho- 

CXBK)  HOHHOH  HOJIHMGpHaaAHH,  2)  CKOpOCXb  HOJIHMGpHSaAHH  aXHX 
MOHOMepoB  nponopAHOHajibHa  hx  KOHAGHxpaAHH  (b  HHxepBajie 
1,25 — 5,07  MOJihlji)  B nepBOH  cxenenn,  3)  oOjiyneHHe  xjiopncxoro 
axHJia  npn  xennepaxype  —78°  h 125  p/ccK  hphboahx  k o6pa30Ba- 
hhk)  HeOoJibnrax  kojihhgcxb  xjiopcoAepjKaiAero  npoAyKxa,  koxophh 
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no  MOJieKyjiHpnoMy  secy  (moji.  boc  132)  h riOKasaTejiio  npejiOMJiennH 
(n^D  1,4812)  6jin30K  k AHXJiop6yTeHy. 

ycTaHOBJieHHHe  naiviH  saKOHOMepnocTH  n oKcnepnMeHTajibHHie 
<j)aKTH  noATBepBKffaioT  Kap6oHHeBHH  MexaHH3M  nojiHMepH3an;HH 
HsoSyrajiena  h cxnpojia  [10 — 12]. 

I ^aHHLie  0 cocTaBe  oSpaayiomnxcH  coBMecTiiHx  nojiHMepoB,  a 
TaKBKe  KHnOTHHeCKHe  AaHHHe  (pnc.  1,  6)  npHBOflHT’K  BHBOAy  0 TOM, 
■^To  H3o6yTHJieH,  KaK  MOHOMop,  6ojiee  peaKii;iiOHHOcnoco6eH, 
CTHpoji.  B TO  me  speMH  peaKn.HOHHOcnoco6HOCTH  nx  Kap6oHHe- 

BMX  HOHOB  naXO^^HTCH  B oSpaTHOM  COOTHOmeHHH. 

HaH^eHHHe  aaBHCHMOCTH  cKopocTH  nojiHMepH3an;HH  ot  KOHn;eH- 
TpaD;HH  MOHOMepa  n M0II1,H0CTH  A03H  npHBOAHT  K BHBOfly  0 TOM, 
^To  B peaKn;HH  HHHn;HHpoBaHHH  npHHHMaeT  y^acTHe  MOJieKyjia  pac- 
TBopHTOJiH,  a peaKii,HH  oSpHBa  npoTOKaeT  no  MonoMOJieKyjiHpnoMy 
MexaHH3My. 

HaH6oJiee  BepoaTHUM  MexannaMOM  KapSonneBon  paffHari;HOH- 
HOH  nojiHMepH3aii;HH  aBJiHOTca  BaaHMOAencTBHe  npoTona  (b  a^hhom 
cjiyaae  h3  MOJieKyji  pacTBopHTejia)  c toh  hjih  hhoh  MOJieKyjiOH  mo- 
HOMepa  c o6pa30BaHHeM  cooTBexcTByioiAero  Kap6oHHeBoro  nona, 
OSpHB  peaKAHOHHOH  Aenn  nponcxoAHT  b peayjiBTaTe  BsanMO- 
AeiicTBHa  pacTymero  KapSonneBoro  nona  c oxpHAaTeJibHMM  MOJie- 
KyJIflpHHM  HOHOM  (HeHTpaJIH3an;HH)  MOHOMepa  TOH  HJIH  HHOH  HpH- 
POAH.  8tO  npHBOAHT  K 06pa30BaHHK)  ABOHHOH  CBH3H  B KOHAGBOH 
rpynne  noJiHMepnoH  u^eniL  h CBo6oAHoro  paAHKajia  H3  MOJieKyji 
MOHOMepa. 

IlpaBHJibHOCTb  . npeAJiaraeMoro  MexannaMa  noATBepBKAaeTCH 
xopomHM  coBnaAeHHeMaKcnepHMGHTajibHHx  CKopocTen  coBMecTHon 
nojiHMepHsaAHH  c bhhhcjighhhmh  no  ypaBHGHHio: 

(X  -f-  1)  (ri  2AB  + r2  B^)  o)^  (o^ 

XcDg  Ti  A2  -f-  xo)^  (Ojj  AB  + co^  r2  B^  ’ 

TAe. 

(0 

A VL 

oja  h (Ob 


^B 


^ IIpHHHTO,  axo  KOHAGHTpaAHfl  OTpHAaTGJIbHHX  MOJieKyJIHpHUX  HOHOB 
jxnsi  MOHOMepa  AaHHOro  inna  nponopAHonajiLHa  KOHAenTpaAHH  MOHOMepa. 
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— oSlAaH  CKOpOCTb  COBMGCTHOH  HOJIHMGpHBaAHH; 

— KOHAeHTpaAHH  MOHOMepa  H3o6yTHjieHa  h CTnpojia  co- 
OTBeTCTBGHHO; 

— CKopocTH  pasAejibHOH  HOJiHMepnaaAHH  MOHOMepa  A h 
MOHOMepa  B; 

— OTHomenne  CKopocTen  o6pa30BaHHH  naaajibHHx  aKTHB- 

HHX  ABHTpOB  H3*  MOHOMepa  A (zJa)  H MOHOMepa  B (vb) 
_ ^oA+n/^pA-fB  +^oB-|-A  /^pB+A 
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Kp  H A’o  — KOHCTaHTH  peaKU^HH  pOCTa  H o6pHBa  Ii;eriH,  COOTBeTCT- 
BeHHO.  9to  ypaBHeHHe  KHneraKH  6hjio  BLiBeAeno  oahhm  H3  :Hac  pa- 
Hee  AJia  cjiyaaa  MOHOMOJieKyjiapHoro  o6ptiBa  npn  npeAnoJiojKGHHU 
o pasaHantix  CKopocTax  oSpuBa  cooTBexcTByiorAeH  pacTymen  ii;e- 
HH  CO  «CBOHM»  H «ay>KHM»  MOHOMCpOM  (aCTHpe  CKOpOCTH  o6pHBa) 

[25].  PacacT  no  axoMy  ypaBnennio  noKasHBaex,  axo  npoxoH  aerae 
(X  = 4)  BsaHMOAencxByex  c MoaeKyaon  H3o6yxHaeHa  c o6pa30Ba- 
nneM  cooxBexcxByioiAero  aKXHBHoro  n;eHxpa,  aoM  co  cxapoaoM.  9xo 
naxoAHxca  b cooxboxcxbhh  c peaKAHOHHOcnoco6HOCxbH)  o6pa3yio- 
EAHXCH  Kap60HHeBLIX  HOHOB. 

B coraacHH  c BticKasaHHbiM  MexannsMOM  naxoAnxca  h MoacKy- 
aapHBie  Beca  o6pa3yiomHxcH  noaniviepoB.  MoaeKyaapHHH  Bee  noaH- 
cxnpoaa  paBen  70  000,  noaHH3o6yxHaeHa  80  000,  conoanMepoB  b sa*- 
BHCHMOCXH  OX  cpcxaBa  27  000—55  000  (no  AannHM  CBexopacceanHa).. 

Bnoane  yAOBaexBopnxeabHoe  coBnaAenne  aKcnepnMenxaabHbix 
CKopoexen  noanMepHsaUnn  h BHaHcaeHHtix  no  onHcannoMy  Bbime 
ypaBHeHHK)  Ha6aioAaexca  n ajih  cncxeMH  MexnaMexaKpnaax  (B)  — 
cxnpoa  (A)  (pnc.  1,  a). 

KapGannoHHbin  MexannsM  noaHMepH3aii,HH 

Bbiao  yexanoBaeno,  axo  noaiiMepn3an,HH  aKpnaoHnxpnaa  noA' 
AencxBneM.Y-ayaeH  (MOipHOCXb  A03h  150  pjeen)  npn  ’xeMnepaType 
— 78°  He  npoHCxoAHX  npn  HcnoabsosaHHH  b KaaecxBe , pacxBopn- 
xeaa  xaopnexoro  axnaa.  BMeexe  c xen  b axoM  pacxBopn^xeae,  kbk 
6Liao  noKaaano  BHine,  noamviepHayioxcH  MOHOMepH,  cnoco6Hbie 
K Kap6oHHeBOH  noaHMepH3ai];HH  (naoSyxnaeH,  cxnpoa)  [10—12]. 
OAHaKO  noaHMepH3aii.nH  aKpnaonnxpHaa  naSaioAaexcH  npn  npoae- 
AOHHH  peaKAHH  B pacxBope  mo jih/ji)  B AnMexHaiJopMaMHAe  co^ 

CKopocxbK)  9,7*10’®  MOJihfji’ceK,  B xpnaxnaaMHHe  — 6,7*10"®' 
MOJlhljl-CCK  H B Macce  — 2,1*10"®  MOJlhtjl'CeK, 

9xh  pesyabxaxH  ysKe  yKasHBaiox  na  xp,  axo  aKpnaoHHxpna,. 
Moaenyaa  Koxoporo  coAepjKHx  aaeKxpooxpHAaxeabHyio  rpynny',, 
HoaHMepnayexcH  b yKasannux  ycaoBHHX  no  KapSaHHonnoMy,  a 
He  no  paAHKaabHOMy  MexannsMy.  Oco6eHHO  ySeAnxeabHbie  AaHHbie 
0 Kap6aHHOHHOM  MexaHHSMe  noaHMepH3an;HH  "hoa  A^HCXBHeM 

y-ayaen  6biaH  noayaenbi  naMH  npn  HCcaeAOBaHnn  coBMeexHOH  no- 
aHMepH3an,HH  aKpnaoHHxpnaa  (1)  n cxnpoaa  (2)  b pacxBope  b AHMe- 
xna^opMaMHAe  npn  xeMnepaxype  —78°  [201.  B axoM  cayaae  o6pa-- 
syipxcH  conoanMcpbi,  cnabHO  o6orani;eHHbie  HHxpnabHbiM  KOMno- 
HeHxoM  no  cpaBHeHHH)  c HCxoAHon  CMecbio  (AanHue  aaeMenxapnoro 
anaanaa  h Hn^paKpacnon  cneKxpoMexpHn).  HanAeno:  n = 33; 
7*2  = 0,005.  Ilpn  paAHKaabHOH  noanMepnaapHn  n n MeHbme  cah- 
HHAH  [25 — 28].  ' . 

Bhao  xaK:«e  noKasano,  axo  coBMeexnaa  noaHMepn3aii;Hfl  aKpn- 
aoHHxpnaa  n cxHpoaa  npoxeKaex  c Menbiitep  ^cKopocxbro,  aeM  pa.a:: 
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AejiBHan  nojiHMepHsai^Ha  aKpHJioHHxpHjia.  Crapoji  b ynaaaHHHx 
ycjioBHHX  npaKTHaecKH  He  nojiHMepnayeTCfl.  Ilpn  pa;i.HKajii>HOil 
noJiHMepH3an.HH  HaCjiioaaeTCfl  nnaa  KHnexHaecKaa  aaBHCHMocxb. 
[291. 
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Summary 

Data  obtained  from  studies  on  the  radiation,  polymerization 
of  isobutylene,  styrene,  butadiene  and  other  monomers  lead  to 
the  conclusion  that  under  low  temperature  conditions  a cationic 
mechanism  underlies  the  polymerization  of  these  monomers.. 

No  anionic  polymerization  mechanism  under  the  action  of  nuc- 
lear radiations  has  been  described  in  the  literature. 

Recently  we  have  obtained  results  bearing  evidence  to  the  pos- 
sibility of  gamma-ray  induced  polymerization  taking  place 
not  only  by  a cationic  but  also  by  an  anionic  mechanism.  The 
capacity  for  the  reaction  to  proceed  according  to  the  one  or 
the  other  of  the  mechanisms  has  been  found  to  be  determined 
not  only  by  the  chemical  structure  of  the  monomer,  but  also  by 
the  nature  of  the  medium  in  which  the  polymerization  is  taking 
place.  Acrylonitrile  polymerizes  at  —78°  in  solvents  with  electron- 
donor  substituents  (triethylamine,  dimethylformamide)  but  not 
in  solvents  ordinarily  employed  in  cationic  polymerization  and 
containing  electrophilic  groups  in  ethylchloride.  Styrene  polyme- 
rizes only  in  ethylchloride. 

.With  an  eye  to  further  elaboration  of  the  mechanism  of  radia- 
tion polymerization  we  have  studied  the  copolymerization  of  sty- 
rene with  isobutylene  and  methylmethacrylate  and  also  of  acry- 
lonitrile with  styrene  and  methylmethacrylate  initiated  by  gamma 
rays. 

It  was  found  that  isobutylene-styrene  copolymers  (polyme- 
rization in  ethylchloride)  obtained  at  —78°  are  enriched  in  the 
isobutylene  component  for  all  compositions  of  the  initial  mixture: 
n (isobutylene)  = 3.5,  tz  ==  0.33. 

At  —78°  isobutylene  has  been  found  to  polymerize  slower  than 
styrene.  A plot  of  the  relation  between  the  polymerization  rate  and 
the  initial  mixture  composition  is  characterized  by  a minimum 
in  the  region  of  relatively  small  isobutylene  additions.  At  0°  po- 
lymerization of  the  monomers  proceeds  at  considerably  lower  rates 
(especially  for  the  case  of  isobutylene)  than  at  — 78°.  At  0° 
styrene  polymerizes  much  faster  than  isobutylene. 
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The  rate  of  polymerization  of  isobutylene  and  styrene  has  been 
found  to  be  proportional  to  the  first  degree  of  the  doserate. 

At  low  temperatures  polymers  of  relatively  high  molecular 
weight  are  formed.  In  the  case  of  styrene  the  molecular  weight 
is  equal  to  70000  and  isobutylene,  80000.  The  molecular  weight 
of  the  copolymers  depending  upon  the  composition  is  from  20  000 
to  55  000  (from  light  scattering  data). 

The  polymers  obtained  at  <0°  have  lower  molecular  weights. 

Styrene-methylmethacrylate  copolymers  obtained  at  —78° 
contain  a fraction  greatly  enriched  in  the  styrene  component  for 
all  initial  composition  mixtures.  In  this  case  n (styrene)  equals 
20,  r2  equals  0,005.  In  the  polymerization  of  the  comonomers  ini- 
tiated by  BFs  type  catalysts  the  values  of  n and  r2  are  respecti- 
vely 10.5  and  0.1  (as  reported  in  the  literature). 

Small  methylmethacrylate  additions  to  styrene  lead  to  an 
abrupt  fall  in  the  polymerization  rate  (at  —78°),  not  changing 
on  further  addition  of  methylmethacrylate. 

The  rate  of  polymerization  of  acrylonitrile  at  —78°  and 
dose  rates  of  150  rlsec  in  bulk  is  2.1.10"®  molell.  sec.\  in 
triethylamiiie  it  is  6.7.10-®  ntolefsec.^  in  dime'thylformam’ide, 
9.7.10'®  molell.  sec.  (for  monomer  concentration  3.5  molell). 

In  the  copolymerization  of  acrylonitrile  and  styrene  in  dime- 
thylformamide  solution  at  —78°  the  resultant  polymers  are  en- 
riched with  the  nitrile  component  as  compared  to  the  initial  mix- 
ture over  the  entire  range  of  dnitial' compositions  (data  from  in- 
frared spectral  and  elementary  analyses  of  the  polymer.s). 

• On  the  basis  of  the  kinetic  relations  established,  as  well  as  other 
data,  obtained  in  studies  of  such  systems,  a discussion  is  presented 
of  the- cationic  and  anionic  mechanisms  of  gamma-ray  induced 
polymerization.  ' 


Resume  i i 

Les  donnees  obtenues  a^l  etude  .de  radiopolymerisation  d' iso- 
butylene, styrolene,  butadiene  et  d’autres  mpnomeres  permet  de 
faire  une  conclusion  a propos  du  mCcanisme  ,ionique,de  polyme- 
risation de  ces  mon’omeres  dans  les  conditions  des  basses  tempe- 
ratures. 

Le  haecanisnie  anibnique  de  polymerisatibn  sous  Taction  d’ir- 
radiations  nucleaires  n’a  pas  ete  decrit'dans  la  litterature. 

Receniment  nous  avons  obtenu  leS  donnees  teimoignant  de  la 
. possibility  de  realiser  la  polymerisation  sous  Taction  des  rayOns-x 

27  MewHynaponHuft  CHMnoaiiy.M,  cenmia  2 
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non  seulement  selon  le  mecansime  eationique  mais  amssi  selon  le 
mecanisme  anioni^ue.  Ici  on  a etabli  que  la  capacite  de  se  polyme- 
riser  selon  I’un  de  ceux  mecanismes  est  diterminee  aussi  bien  par 
la  structure  chimique  que  par  la  nature  du  milieu,  dans  lequel 
on  realise  la  polymerisation.  Le  nitrile  acrylique  se  polymerise 
^ — 78°  dans- les  solvants  avec  les  substituants  electrodonneurs 
(dans  triethylamine,  dimethylformamide)  et  ne  se  polymeryse 
pas  dans  le  solvent  qui  s’emploie.habituellement  pendant  1’ exe- 
cution de  polymerisation  cationique,  et  contient  les  groupes  elec- 
trophiles dans  le  clilorure  d’ethyle.  Le  styrolene  ne  se  polyme- 
rise que  dans  le  chlorure  d’ethyle. 

Pour  r etude  ulterieure  detaillee  du  mecanisme  de  radiopoly- 
merisation nous  avons  etudie  la  copolymerisation  du  styrolene 
avec  r isobutyl ene  et  acrylate  de  methyle  ainsi  que  du  nitrile 
acrylique  avec  le  styrolene  et  acrylate  de  methyle  sous  I’influence 
de  I’irradiatipn.  On  a etabli  que  les  copolymkes  d’isobutylenc 
avec  le  styrolene  (polymerisation  en  solution  de  chlorure  d’ethy- 
le), obtenus  a temperature  de  —78°  sont  enrichis  par  le  constitu- 
ant  isobutylenique  pour  toutes  les  compositions  du  melange  ini- 
tial: n (isobutylene)  est  3,5;  rz  est  0,33.  Dans  le  cas  du  mechanisme 
radicalique  les  polymeres  doivent  etre  composes  principal ement 
de  constituent  styrolenique. 

bn  a trouve  qu’a  temperature  de  — 78°  I’isobutylene  se  poly- 
merise plus  lentement  que  le  styrolene.  La  courbe  qui  decrit  la 
dependence  de  la  vitesse  de  copolymerisation  de  la  composition 
de  melange  initiale  est  caracterisee  par  le  minimum  dans  la  re- 
gion des  additions  relativement  faibles  d’isobutylene.  A tempe- 
rature de  0°  ces  monomeres  se  polymerisent  a vitesse  beaucoup  plus 
lentes  (surtout  pour  I’isobutylene)  qu’a  temperature  de  —78°. 
A temperature  de  0°  le  styrolene  se  polymerise  beaucoup  plus 
vite  que  I’isobutylene. 

On  a trouve  que  la  vitesse  de  polymerisation  d’isobutylmie 
et  styrolene  et  proportionnelle  a la  puissance  d’une  dose  d’irra- 
diation  du  premier  degre. 

A basse  temperature  ce  sont  les  polymeres  a poids moleculaire 
relativent  hauts  qui  se  ferment.  Dans  le  cas  de  styrolene  le  poids 
moleculaire  est  70000,  d’isobutylene —80000,  des  copolymeres 
selon  leur  composition — 20000— 55000  (suiyant  les  donnees  de 
dispersion  de  lumiere). 

Les  polymeres  obtenus  a 0°  sont  ceux  a poids  moleculaires  plus 
bas. 

Les  copolymeres  de  styrolene  et  acrylate  de  methyle  obtenus 
a temperature  de  —78°  contiennent  la  fraction  fortement  enrichie 
par  le  constituant  styrolenique  pour  toutes  les  compositions  du 
melajig  initial.  Dans  ce  cas  n (styrolene)  est  egal  a 20;  rz  — a 
0,0p5.  Lors  de  polymerisation  de  ces  monomeres  sous  I’influence 
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des  catalyseurs  du  type  BF3  les  valeurs  des  coiistantes  ri  eb 
sent  respectivement  10,5  et  0,1  (donnees  litteraires). 

L’addition  de  petites  quantites  de  methacrylate  de  methyle 
au  styrolene  cause  une‘  diminution  brusque  de  la  Vitesse  de  poly- 
merisation (temperature  est  —78°)  qui  pratiquement  ne  change  pas 
si  continuer  a ajouter  1’ acrylate  de  methyle. 

La  vitesse  de  polymerisation  du  nitrile  acrylique  a — 78°  eb 
a intensite  de  150  roentgens/sec  en  bloc  est  2,1.10"®  mol/lsec\ 
en  triethylamine  —6,7.10^®  mol/sec,  en  dimethylformamide  —9,7. 
10"®  mol/lsec.  (a  concentration  du  monomere  3,5  niol/l). 

Au  cours  de  copolymerisation  du  nitrile  acrylique  et  du  styro- 
lene  en  solution  du  dimethylformamide  a — 78°  se  forment  les  co- 
polymeres  enrichis  des  constituants  nitriliques  relativement  au 
melange  initial  dans  tout  I’intervalle  des  compositions  du  me- 
lange initial  (donnees  des  spectres  J.  R.  et  de  I’analyse  elemen- 
taire  des  polymeres). 

En  se  basant  sur  les  relations  cinetiques  etablies  ainsi  que 
sur  d’autres  donnees  obtenues  a I’etude  des  systemes  mentionnes 
on  discute  dans  le  rapport  le  mecanisme  cationique  et  anioniquo 
de  polymerisation  sous  Taction  d’irradiation  ionisante. 
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nPOI];ECCbI  nOJIHMEPH3AIl,HH  HA  HEPACTBOPHMMX 
MOJIEKyJIHPHO  AHCHEPrHPOBAHHbEt 
BEmECTBAX 

B.  A,  R a p ^ ti  B.  A.  R a6ano  a 

(OCCP) 


AOHJia^tiBaeMoii  pa6oTBi  HBjiHJiocb  nojiyneHne  CHCTeM,. 
coAepjKamiix  aKTHBHBie  nacTHi^Bi  hjih  noBepxHOCTii,  cnocoGnBie  hhh- 
i^HHpoBaTB  HHaKOTeMnepaTypHyio  nojiKMepii3an,HK)  MonoMepoB, 
iiaxoAHmiixcH  npn  hiiskhx  TennepaTypax  b coctohhhh  xopomO' 
ynOpHAOHGHHBIX  miAKOCXeH,  II  MOHOMepOB  B KpHCTaJIJIHHeCKOM  CO- 
CTOHHHH. 

^jiH  ocymecTBjieHHH  nojiHMepH3aij,HOHHBix  npoi^eccoB  b hbctoh- 
n],ee  BpoMH  miipoKO  npiiMenaioT  HepacTBopiiMLie  KpiiCTajuiiiHecKHO 
KaTaJIH3aTOpBI.  AkTHBHOCTB  KpHCTaJIJIHHeCKHX  KaTajIH3aTOpOB  HJIfll 
HHHH,HaTOpOB,  HO-BH^HMOMy , TGCHO  CEHSaiia  C npiICyTCTBHGM  Hft 
HX  nOBGpXHOCTH  HGCTGXHOMGTpHHGCKHX  BTOMOB  HJIH  HOHOB.  OAHaKO> 
HGHCTBHG  3THX  BTOMOB  HJIH  HOHOB  HH  HOBGpXHOCTH  KaxajIHSaTOpa 
B'.GXAa  OCJIOJKHGHO  HX  B3aHMOAeHCXBHGM  C ^^py^HMH  axOMaMH  HJIH* 
iiOHaMH  KpHCxajiJiHHGCKOH  pGXHGXKH.  Mbt  HOJiarajiH,  Hxo  GCJiH  yAS- 
3XCH  HOJiyHHXB  CHCTGMy,  TAG  AOCXHXHyxa  npGAOJIBHaH  MOJIGKyJIHp- 
Iiaa  CXGHGHb  AHCHGpCHOCXH  HGpaCXBOpHMOXO  KpiICXaaJIHHGCKOrO 
KaxajiH3axopa  hjih  nHnii;Haxopa  b mohomgpg,  xo  aKxiiBHOCXB  xaKoro 
KaxajiHsaxopa  hjih  iiHimnaxopa  6yAex  HpGSBBiaaHHO  bbicokb.  ^jih 
OCyiAGCXBHGHHa  HOAOShbIX  CHCXGM  6Bia  npHMGHGH  MGXOA  COBMeCT- 
Hoii  BaKyyMHOH  KOiiAeHcaAHH  MOJieKyjiapHBix  nyaKOB  MOHOMepa* 
H Kaxajinaaxopa  HJIH  Hmmiiaxopa. 

KoHCxpyKAHH  npH6opa  (cm.  pncyiioK),  HcnojiBaoBaHiioro  a^^h* 
3X0H  AGHH,  no3BOJiaJia  HcnapaxB  b BanyyMe  h KOHAGHCHpoBaxb  Ha- 
noBGpxHOCxH  mapa  i,  oxjiajKAaGMOro  jkhakhm  aaoxoM,  OAHOBpeMeH- 

HO  HGCKOJIbKO  BGIAGCTB,  B XOM  HHCJIG  MOHOMGp  2 H HGOpraHHHGCKHH 

KaxaaHsaxop  hjih  HHHAHaxop  5.  B axoM  cjiyaae  iia  oxjia>KAaeMoa 
nosepxHocxH  o6pa3y6xca  aaMopoacGHHBiH  axOMHO-MOJiGKyjiapHtiii 
HGpaBHOBGCHBlii  paCTBOp  aKTHBHBIX  HaCXHI];  B MOHOMGpG. 

OKasajiocb,  axo  ecjiii  b KaaGCXBe  MOHOMepa  Bsaxb  cxHpoa, 
a-MGTHHCXHpOJI  HJIH  HSOnpGH,  B KaHGCXBG  KaxaJIHSaxOpa  — 6g3BOA- 
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Hbiii  xJiopwcTbiH  SepHJiJiHH  II  B KanecTBe  pacTBopiiTeJiH  — w-ren- 
TaH  H COBMeCTHO  CKOHAGHClipOBaTb  MOJIGKyJIHpHHe  nyTOH  3THX 
Bein,ecTB,  Ha  noBepxHOCTH,  oxJiaH^AeHHoii  jkh^khm  aaoxoM,  to  b no- 
.lynaiomeHCH  cmcch  iia  rpaHii  ee  njiaBjienHH  npn  hhskhx  xeMnepa- 
Typax  npoHcxoAMT  6biCTpaH.  nojiHMepH3aii;HH  nepeHHCJieHHHX  mo- 
HOMepoB.  BiviecTe  c tgm  BeCh,  6yji,yHH  bbg^gh  b ciiCTGMy  b BIT,^c 


Annapax  ajih  npOBeAennH  nojiHMepHsai^HH 
1 — : KOHUeHcaxop;  2 — aMnyjia  c’  MOHOMepoRi;  3 — cocyA 
c KarajiHsaTOpoM^  hjih  HHHipiaTopoM. 


C(|)OpMHpOBaHHbIX  KpHCTajIJIOB,  HG  HBJIHGTCH  KaTaJIHSaTOpOM  IIOJIH- 

MGpH3an;Hn.|HaM  y^ajiocB  noKaaaTb,  hto  ii0JiHMepH3aii;HH  b ji;aHHOM 
cjiynae  CBnaana  c KpaTKOBpGMGHHHM  cymecTBOBaHHGM  b cpGAe  mo- 

HQMGpa  BbICOKOAHGnepCHOH  COJIH  (b  npe^eJIG  B BHAG  aTOMHO-MOJIG- 
KyjIHpHOrO  HGpaBHOBGCHOrO  paCTBOpa)  H C npOAGCCOM  KpHCTaJIJIH- 
3ap;HH  KaxajiHsaTOpa,  npOHCxoAHiAHM  npH  njiasjiGHHH  MOHOMGpa. 
Ks^xaJIIITHHGCKHM  AGHCTBHGM  B OIIHCaHHblX  BHIHG  yCJIOBHflX  o6jia- 

AaioT  TaKJKG  TiCla,  ZnC^,  MoOa  h Ap.  Hh  oaho  h3  3thx  bgiagctb  hg 

CHOc66hO  BbT3bTBaTb  nOJIITMGpiI3aii;HK)  HGpGHPICJIGHHblX  MOHOMGpOB, 
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eCJIH  OHO  HaXOAHTCH  B COCTOHHHH  XOpOmO  OrpaHHHeHHHX  KpHCTaJI- 
jiOB.  Otmothm,  hto  b cocTaB  Bcex  nepeHHCJieHHHX  coeAnneHHH  bxo- 
ji;ht  KaTHOHH  MOTajuioB,  o6jiaAaiom,He  cnoco6HOCTbK)  o6pa30Bi»i- 
BaTB  Tr-KOMHJieKCH  C MOHOMepaMH.  BMeCTe  C TOM  oSmeH  HepTOH  MO- 
HOMepOB,  nOJIHMepH3yK)IH.HXCH  B MOJieKyJinpHHX  CMeCHX  C 3T0H 
rpynnoH  BemecTB,  ABJiflexca  noBtimenHaH  naoxHOCTb  ajieKxpoHHoro 
oBjiana  y abohhoh  cbk3h.  MoHOMepH  c chjibho  aJieKxpooxpHi^axejib- 
HmiH  aaMecxHxeJiHMH,  oxxHrHBaK)iii;HMH  ojieKxpoHBi  ox  abohhoh 
cbhsh,  npaKxnaecKH  He  noJiHMepHsyiOTCH  hh  oahhm  H3  nepeaHCJieH- 
HMX  coeAHHeHHH.  3x0  n03B0JiHex  j^yMaxB,  hto  npoii;ecc  noJiHMepH- 
aai^HH  B AaHHOM  cjiyaae  KaxajiHsnpyexcH  nenocpeflcxBeHHO  coox- 
BeXCTByiOmHMH  KaXHOnaMH,  aKXHBHOCXB  KOTOpBIX  pesKO  Boapacxa- 
ex  npH  j^HcneprHpOBaHHH  Kaxaraeaxopa  MOJieKyjDipHBix  pa3Me- 
poB.  CoBepnieHHBie  KpHCxajiJiH  xex  >Ke  KaxaJiHsaxopoB  necoHSMe- 
pHMO  Menee  aKXHBHij,  xan  Kan  KaxnoHBi,  naxoAnmneca  BHyxpH 
KpHCxajiJia,  BOo6iAe  ne  Aocxynnsi  ajih  MOHOMepa,  a aKXHBHOcxB 
KaxHOHOB  HOBepxHOCXH  CHHH^eHa  3a  caex  hx  BsanMOAeHCXBHa  c 
ApyrHMH  HOHaMH  pemexKH.  SHaanxeiiBHyio  poJiB  b chhjkghhh  an- 
XHBHOCXH  Moryx  HrpaxB  xanace  aACopSAHOHHBie  cjioh  na  noBepx- 
HOCXH  KpHCxaaaoB.  Ecjih  3X0  xaK,  xo  AOCxaxoaHO  Ae(J)eKXHHe  Kpn- 
cxajiJiBi  xex  }Ke  Beiii,ecxB,  CBo6oAHBie  ox  aACOp6ii,noHHBix  cjioeB, 
A0JI3KHBI  6bIXB  KaxajIHXHHeCKH  aKXHBHH.  ^GHCXBHXeJIBHO,  yAaJIOCB 
HOKaaaxB,  hxo  hjighkh  xJiopHCxoro  SepHJiJiHH,  noJiyaennHe  ero  hc- 
napenneM  na  cxeKaannyio  cxeHKy  b rJiy6oKOM  Bai^yyMe,  BHSBiBa- 
lox  noJiHMepH3an;iiK)  a-MexHJicxnpojia,  xoxa  h sHaanxejiBHO  6oJiee 
MeAJiBHHyio,  HeM  xa,  Koxopaa  naCjiioAaexca  b MOJieKyjiapnoH  CMe- 
CH  axHX  BeiAecxB. 

“G  yMGHBineHHeM  noaapHsyioiAero  agkcxbhh  KaxHona  h ero  cno- 
co6hocxh  k KOMHJieKcooSpasoBaHHio  yMeHBinaexca  KaxaraxHaecKaa 
aKXHBHOcxB  cooxBexcxByK)ra,Hx  coeAHHennH  b MOJieKynapHBix  CMe- 
cax  c MOHOMepaMH.  Tan,  nanpHMep,  npn  noaHMepH3an,HH  cxnpoaa 
3xa  aKXHBHOCxB  pesKO  ySHBaex  b paAy  BeCb,  LiCl,  NaCl,  KCl. 

CoBMecxHaa  KOHAencanna  napoB  neKOxoptix  MexaJijioB,  nanpH- 
Mep  Mg,  H xaKHX  MOHOMepOB,  KaK  aKpHJIOHHXpHJI,  MeXHJIMexaKpH- 
jiax,  aKpHJiaMHA,  MexanpajiaMHA,  MexHJiaKpnjiax,  xaK>Ke  nosBoaa- 
ex  noJiyaaxB  apeaBBiaaHHO  aKXHBHO  noanMepnayion^HecH  CHCxeMH. 
IlojiHMepHaaAHa  b xaKHx  CHCxeMax  nponcxoAHx  b xBepAOM  cocxoa- 
HHH  ein;e  ao  AOcxH^Kenna  xeMnepaxypti  njiaBJieHHa  cooxBexcxByio- 
lAHX  MOHOMCpOB.  HaH6oaee  aKXHBHBIM  MOHOMepOM  B 3XOM  paAy 
HBJiaexca  aKpHJiOHiixpHJi,  KOxopuH  HaaHHaex  noJiHMepHsoBaxBca 
npH  xeMHepaxypax  nopaAKa  —140°  h npn  neAOCxaxoHHO  xoponieM 
oxBOAO  xenjia  nojiUMepnayexca  co  CKOpocxBio  BspHBa.  MexHJiMex- 
aKpHJiax  B 3XHX  ycjiOBHHX  noJiHMepnsyexca  xaK>Ke  oaenB  aKXHBHO. 
Ero  nojiHMepH3an;Ha  naaHHaexca  b o6aacxH  xeMnepaxyp  nopaAKa 
—100°.  CneAHajiBHHMH  OHBixaMH  yAajiocB  noKaaaxB,  axo  npeSbiBa- 
HHe  MOHOMepa  b xBepAOM  cocxoaHHH  aBJiaexca  Heo6xoAHMBiM  ycao- 
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BHeM  npOTeKaHHH  no^oGnoro  po^a  npoi];eccoB.  B TBepfl;oM  coctoh- 
HHH  peaKO  yMeHLniaeTCfl  CKopocTb  peaKi^nn  oSpbiBa  h,  bgpohtho, 
BospacTaex  cxepii^ecKHH  (J)aKxop  h yMGHbinaexcH  anepriiH  aKxuBa- 
ii;hh  npoi];ecca  pocxa  ri;eneH.  IIojiyHaeMLie  nojinMepti  BnoJine  roMo- 
reHHH  H He  coAepjKax  CBo6oji;Hor'o  MexajijiHHecKoro  narnHa.  Axomli 
MexajiJia  bxoji,hx  b cocxaB  nojiUMepHLix  ri;eneH.  Ho  OKOHHaHHH  hojih- 
MepnaauiiiH  b nojiyaeHHHx  nojiHMepax  coxpaHHioxcH  ^ojiro  >KHBy- 
mne  aKXHBHBie  n;eHxpBi,  cnoco6HHe  BBisHBaxb  nojiUMepnaai^Hio  cbo- 
ero  H flpyrnx  MOHOMepoB.  Mccjie^OBaHHe  nojiHMepnaai^HH  aaMOpo- 
JKeHHoro  aKpHJiOHHxpHJia  B npHcyxcxBHH  MarHHH  Mexo^OM  9nP 
noKaaajio,  hxo  bxh  aKXHBHBie  ri;eHxpH,  paBHO  kbr  h aKXHBHBie  ii;eHx- 
pBi,  BBiSBiBaiomHe  noJiHMepH3an;iiK)  aaMopojKGHHoro  MOHOMepa, 
HBjiHioxcH  pA;i;HKajiaMH.  IIojiyHeHBi  3KcnepHMeHxajiBHBie  ^OKaaa- 
xejiBCxBa  xoro,  hxo  nepBOHaHajiBHBie  paAHKajiH  oSpaayioxcH  b pe- 
syjiBxaxe  peaKn^nn  Me>Kfly  axoMaMH  MexajiJia  h MOJieKyjiaMM  moho- 
Mepa,  npoHCxoji;Hin,eH  b raaoBoii  (J)a3e  npn  CMemennH  napoB  Mexaji- 
Jia  H MOHOMepa.  B A^JiBHeiiineM  bth  paji;HKajiBi  cobmocxho  c H36bix- 
KOM  MOHOMepa  KOH^encHpyioxcH  na  oxjia^K^ennoH  noBepxHOCXH  h 
BBisBiBaiox  nojiHMepH3aii,HH)  B xBepji,OH  (J)a3e.  Ecjih  nyaKH  axoMOB 
Mexajijia  h MOJieKyji  MOHOMepa  KOH^eHcnpoBaxB  6e3  npesBapiixejiB- 
Horo  CKpeni;HBaHHH,  xo  b nojiynaioni^eHCH  CMecH.nojiHMepH3ai];HK  He 
npoHcxo^Hx.  IIpeAnojiaraeMaH  cxpynxypa  paAHKajioB,  oGpaayio- 
Hi^HxcH  B raaoBoii  (|)a3e  b cjiyaae  aKpHjiOHiixpHjia:  •MgGH2CH — CN 
chocoShocxb  MexajijioB  Himi^HHpoBaxL  nojiHMepH3aii;HK)  paajiHH- 
HBEX  MOHOMepoB,  Ho-BHAHMOMy,  onpej^GJiHexcH  HapaMexpaMH  raao- 
BOH  peaKD;HH  MexajiJi-j-MOHOMep.  TaK,  MajioaKXHBHHH 
MOHOMep  BHHHJiai];eTax  ne  nojiHMepHayexca  b saMopoHcennoH  CMe- 
CH,  noJiyaGHHOH  npn  coBMecxHOH  KOHAeHcaii;HH  ero  napoB  c napaMH 
MarHHH  B OHHCaHHBIX  BBIHie  yCJIOBHHX.  B 3X0M  CJiyHae  CKOpOCXL 
yKaaaHHOH  peaKi^HH  HHHn;HHpoBaHHa  Maaa.  OAHano,  ecjin  napBi 
MarHHH  nepeA  CMenieHHeM  c napaMH  BHHHJianjexaxa  noABeprnyxb 
AonoAHHxeJiBHOMy  neperpeay  na  pacKaaennoH  BOJiB^paMOBOH  chh- 
pajiH,  xo  nojiHMepHsaAHa  b aaMopojKeHHOH  cmgch  npoxeKaex  c 
BecBMa  bbicokhmh  ckopocxhmh.  AnajiorHHHBiM  oSpaaoM  neperpexBie 
napBi  pxyxH,  ii,HHKa  h KaAMHa  iiHHAHHpyiox  nojiHMepH3aii,Hio  aKpii- 
jiOHHxpHJia,  B xo  BpeMH,  KaK  6e3  npeABapHxejiBHoro  neperpesa 
o6pa30BaHHe  aKXHBHBix  aacxHH;  npii  BsaHMOAOHCXBiiH  napoB  3xhx 
MexajiJiOB  c napaMH  aKpHJioHHxpnjia  ne  npoHcxoAHx  h noJiHMepHaa- 
AHH  He  Ha6jiK)AaexCH. 

^eHCXBHeM,  anajiorHHHHM  a^hcxbhio  napoB  MexajijiOB’,  p6jia- 
Aaiox  xaKJKe  napBi  HeKOxopBix  xJiopnAOB  MexaajiOB,  chocoShbix  npn 
BBICOKHX  xeMHepaxypax  aacxHHHo  xepaxB  xjiop  c oSpaaoBanneM  axo- 
MapHBix  MexajiJioB  (KCl,  NaCl). 

rioJiHMexHJiMexaKpHJiax,  nojiyaeHHBiH  nojiHMepH3aii,HeH  aaMO- 
poH^eHHoii  axoMHO-MOJieKyjiapHoii  cmbch  MexHJiMexanpHjiaxa  h Mar- 
HHH,  cnocoSeH  KpHcxajiHHaoBaxBca  h oSaaAaex  HaoxaKxnaecKOH 
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CTpyKxypoH  ii;eneH.  9to  oScTOHxejiBCTBo  nneex  CojiBinoe  npHimii- 
nnajiBHoe  aHaHenne,  xaK  KaK  oho  AOKasBiBaex  poJiB  npeji,BapHxejiB- 
HOH  ynopHAOHGHHOCXH  3aMOpO?KeHHOrO  MOHOJViepa,  B ^OpmipOBailHH 
MHKpocxpyKxypH  nOJIHMepHOH  AGHH.  (IIpH  HHSKOXGMHGpaxypHOii 
paAHKaJIBHOH  nOJIHMGpuaaAHH  HGSaMOpOH^GHHOrO  MGXIIJIMGXaKpil- 
Jiaxa  nojiynaioxcH  cHHAHoxaKXHHGCKHG  aghh). 

B H3yHGHHBIX  CHCTGMaX  $aKXHHGCKH  MOH<HO  nfelGjIIOAaXB  HGpGXOA 
MGjKAy  roMorGHHBiMH  H XGXGporGHHMMH  npon^GccaMH  nojiHMGpiiaa- 
AHH.  Bo  BCGX  CJiynaflX  pOJIB  aKXHBHHX  n;GHXpOB  BHHOJIHHIOX  jtttSo 
OXAGJIBHHG  H30JIHp0BaHHHG  axOMBI,  MOJIGKyJIBI  HJIH  HOHH,  npGAGJIB- 
HO  AHcnGprnpoBaHHBiG  b cpGAe  MOHOMGpa  H CB060AHBIG  ox  coJiBBaxa- 
H.HOHHHX  CJIOGB,  JIh6o  HpOAyKXBI  HX  B^aHMOAeHCXBHH  C MOHOMGpa- 
MH,  jih6o,  HaKOHGii;,  noBGpxHOCXH  CHJiBHO  AG^OKXHBix  arpGxaxoB, 
o6pa3yK)iHHxcH  npn  oxxaHBaHHH  MOJiGKyjinpHOH  cmgcii. 

PoJIB  AG(J)GKXHBIX  KpHCXaJIJIHHGCKHX  CXpyKXyp  B npOAGCCaX  HHH" 
u,HHpoBaHHH  nojiHMGpH3ai];HH  HaM  yflajiocB  Ha6jiK)AaxB  xanjKG  iia 
npHMGpG  IIOJIHMGpiI3ail,IIH  KpHCXajIJIHHGCKHX  COJIGH  aKpUJIOBOH  H 
MGXaKpHJIOBOH  KHCJIOX.  OCyBAGCXBJIGHHfl  nOAo6HOrO  pO^a  npO“ 

AGCCOB  oShHHO  npHMGHHIOX  HSJiyHGHHH  BBICOKOH  9HGprHH.  B A^HHOH 

pa6oxG  6i>mo  noKasano,  hxo  ajih  iiHHuiHHpoBaHHH  nojiHMepH3an,HH 

KpHCXaJIJIHHGCKHX  MOHOMCpOB  MOXyx  6bIXB  HCn0JIB30BaHBI  TGXGpO- 
TGHHBIG  XHMHHGCKHG  pGaKH.HH,  npHBOAHEAHG  K B03HHKH0BGHHK) 
(j[)GKXHHX  KpHCxaMHsaAHOHHBix  cxpyKxyp. 

IlpH  H3yHGHHH  CHCXGM  aKpHJiax  HaxpHH  — LiCl  H BKpHJiax  Hax- 
piiH  — MgCh  6bijio  HaiiAeHO,  hxo  gcjih  k cmgch  anpiijiaxa  Haxpna 
C LiCl  HJIH  MgCL,  B3HXHX  B BHAO  KpHCXaJIJIHHGCKHX  COJIGH,  B BB- 
KyyMG  Ao6aBHXB  pacxBop  axaiiojia  b boao  b koahhgcxbg,  aocxbxoh- 
HOM  JIHHIB  AJIH  yBJiaH^HGHHH  KpHCXaJIJIOB,  XO  B CHCXGMG  HpOHCXOAHX 
CHCxpaa  nojiHMGpH3aii,HH  aKpnjiaxa.  IIojiHMGpHsaAHK  HaaHHaGxcH 
OAHOBpGMGHHO  C yBJiaH^HGHHGM  KpHCxaJIJIOB  H HpOXGKBGX  A^H^G  npil 
— 60°,  HXO  yKaSBIBBGX  Ha  BBlCOKyiO  aKXHBHOCXB  AGHXpOB  HHHH,HH- 
pOBaHHH.  IlayHGHHG  9XOH  pGaKAHH  HOKaSaJIO,  HX06  npOpGCC  nOJIH- 
MGpH3an,HH  o6yCJIOBJIGH  B A^HHOM  CJiyHaG  HpOXGKaHHGM  TGXGpOrGH- 
HOH  pcaKAHH  o6MGHa  MGJKAy  COJIHMH,  HpHBOAHIAGH  K B03HHKH0BG* 
HHK)  B CHCXGMG  HOBOH  KpHCXaJIJIHHGCKOH  $a3BI  NaCl,  KOXOpaH  oSpa- 
3yGT  HGpaBHOBGCHHG  KpiICXaJIJIHSaAHOHHBIG  KOHXaKTBI  C KpHCxaJIJia- 
MH  MOHOMGpHOH  COJIH.  B[GHXpaMH  HHHAHHpOBaHHH,  HO-BHAHMOMy, 

cjiy>Kax  A6$eKXBi  b KpncxajiJiHHGCKOH  pgihgxkg,  bobhhkbioiahg  no 
MGCXy  KOHXaKXOB. 

IIOJIHMGpHSaAHH  MGXBKpHJiaxa  HaxpHH  B HpHCyXCXBHH  BaCl2 
H CaCL  npH  yBJiaa^HGHHH  cmgch  KpnCXaJXJIHHGCKHX  COJIGH  BOAHLIM 
an;6X0H0M  npoxGKacx  sHannxGJitHO  mghgg  9(|)(J)gkxhbho,  OAHano  b 
9X0M  cjiynaG  o6pa3yioxcH  hojihmgp,  hohxh  hg  Ha6yxaK)rAHH  b boao 
H no  CBOHM  CBbHCTBaM  SnaHHXGJIBHO  OXJIHHBIOIAHHCfl  OX  CBOHCXB 
oShhhhx  noJiHKpHJiaxoB.  IIojiHMGxaKpHJiOBaK  KHCJioxa,  noJiynGH- 
naa  nyxGM  o6pa6oxKH  9xoro  nojiHMGpa  cojihhoh  khcjioxoh,  xapan- 
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TepHsyeTCfl  6ojiee  bhcokoh  CTenentio  ynopHAOM;eHHOCTH,  neu  noJiH- 
MeTaKpHJiOBaH  KHCJioxa,  nojiy^ennaa  na  aKpHJioBOH  khcjioth  oShh- 
iHOH  pa^i,HKajii>HOH  noJiHMepHsanHeH. 

9(|)(]^eKTHBHOe  HHHIl,HHpOBaHHe  rioJIHMepH3aH.HH  KpHCXaJIJIHae- 
CKHx  aKpHJiaxoB  H MexaKpHJiaxoB  npoHCXo;];iix  xaKHce  npH  nnxen- 
CHBHOM  MexaHHaecKOM  j3,po6jieHHH  axHx  cojien  npHcyxcxBiiH  HeSojit- 
iHHx  KOJinaecTB  pacxBdpHxejieH. . B j3;aHHOM  CJiyaae  ^e(J)eKXbi  b 
cxpyKxype  MOHOMepHHX  cojigh  cobaslioxch  MexanHaecKHM  nyxeM. 

TaKHM  odpaaoM  noKaaaHO,  axo  npoii;eccH  AHCneprapoBaHHa  pflA^ 
XBepflBix  HGopraHHaecKHX  BemecTB  hjih  odpasoBannH^  hoboh  xBep- 
AOH  (|)a3Bi,  npoHCxoAHiii,He  b npHcyxcxBnn  MOHonepa,  MOryx  npHBO- 
j^HXb  K reHepai],HH  oaeHb  aKXHBHbix  ii;eHTpoB  nojiHMepH3aij,HH,  a^h- 
.CTByiomHx  B ycjiOBHax  HHaKHx  xeMnepaxyp. 


Summary 

Atomic  and  molecular  dispersion  of  inorganic  solids  in  monomer 
media  has  been!  found  capable  ' of  giving  rise  to  highly  active 
polymerization  centers  effective  at  low  temperatures. 

It  was  shown,  using  BeCl2,ZnCl2,LiCl,TiCl3  andMoOs  as  example 
that  salts  and  oxides  which  in  the  form  of  perfect  crystals  are 
not  polymerization  catalysts,  in  the  molecular  disperse  state  or 
with  highly  defective  structures  may  cause  the  polymerization 
•of  a number  of  monomers  (styrene,  methylstyrene,  isoprene)  on 
their  melting  facets. 

A study  has  been  made,  of  the  initiating  capacity  of  some  me- 
tals in  molecular  mixtures  with  monomers.  It  has  been  shown 
,that  with  such  mixtures  of  Mg  and  acrylonitrile,  methylmetha- 
crylate or  methylacrylate  rapid  low  temperature  polymeriza- 
tion in  the  solid  state  takes  place.  The  polymerization  is  induced 
by  radicals  formed  on  reaction  of  Mg  with  the  monomers.  Similar 
conversions  may  occur  in  the  presence  of  other  metals  (Hg,  Zn,  Cd)  . 
The  methylmethacrylate  produced  in  this  way  was  found  to  have 
an  isotactic  structure.  Hence  the  part  played  by  preliminary 
•ordering  of  the  monomer  on  the  formation  of  the  polymer  micro- 
structure has  been  demonstrated. 

On  the  example  of  the  crystalline  salts  of  acrylic  and  metha- 
crylic  acids  it  has  been  shown  possible  to.  initiate  polymerisation 
in  the  solid^  phase  by  the  formation  of  defective  crystal  structures 
in  the  system.  For  .this  purpose  use  may  be  made  of  heterogeneous 
chemical  reactions  and  intensive  mechanical  dispersion  of  the  so- 
lid monomers, 
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Resume 

On  a constate  que  les  precedes  de  dispersion  atomique  et  mole- 
'Culaire  des  substances  inorganiques  dans  des  milieux  monomeres 
peuvent  mener  a la  formation  des  centres  de  polmerisation  forte- 
ment  actifs  qui  agissent  dans  les  conditions  des  basses  tempe- 
ratures. 

Au  moyen  d'exemple  BeCh,  ZnCh,  LiCl,  TiCla,  MoOa  on  a mont- 
re  que  les  sels  et  les  oxydants  qui  en  etat  des  cristaux  parfaits  ne 
-constituent  pas  des  catalyseurs  de  polymerisation,  au  contraire, 
en  etat  de  dispersion  moleculaire  et  sous  forme  des  structures  for- 
tement  defectueuses  peuvent  amorcer  la  polymerisation  d*une 
serie  de  monomeres  (styrolene,  a-methylstyrolene,  isoprene)  au 
seuil  de  leur  fusion, 

L’ etude  sur  la  capacite  initiante  de  plusieurs  metaux  dans  les 
melanges  moleculaires  avec  les  monomeres  a ete  faite.  On  a montre, 
que  dans  les  melanges  moleculaires  Mg  avec  B acrylonitrile,  le  me- 
thylmethacrylate, le  methylacrylate  s'effectue  une  rapide  polyme- 
risation a basse  temperature  de  ces  monomeres  en  etat  solide.  La 
polymerisation  est  initiee  par  les  radicaux  qui  sont  formes  au 
cours  de  la  reaction  entre  les  monomers  et  le  magnesium. Des  prece- 
des analogiques  peuvent  egalement  s’executer  en  presence  d’aut- 
res  metaux  (Hg,  Zn,  Cd).  On  a trouve  que  le  methylmethacrylate 
obtenu  de  cette  maniere  possede  la  structure  isotactique  des  chai- 
nes.  C’est  ainsi  qu’on  a prouve  le  role  de  regularite  du  monomere 
en  formation  de  microstructure  de  chaine  polymerique. 

A Taide  d’exemple  des  sels  cristallins  des  acides  acrylique  et 
methacrylique  on  a montre  la  possibilite  d’amorgage  de  polyme- 
risation en  phase  solide  par  la  creation  dans  le  systeme  des  struc- 
tures cristallines. 

Dans  ce  but  on  pent  utiliser  les  reactions  chimiques  heterogenes 
et  le  morcellement  mecanique  intensif  des  monomeres  solides. 
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^PO^ECCbI  ^OJIHMEPH3A^HH  H nPHBHBKH 
HA  CBEaCEOBPASOBAHHLiX  HOBEPXHOCTHX 

J5.  A.  E a pziin^  A.  n^ama 

XCCCP) 


HsBeCTHO,  -qTO  PHA  $H3HHeCKHX  H XHMIIHeCKHX  CBOliCTB  TBepAHX 
HeopraHH^iecKiix  seiAecTB  h b nepsyio  onepeAB  hx  KaxajiHTHHecKaH 
chocoShoctb  b Gojitraoii  cxeneHii  saBHCBT  ox  Ae^eKXOB  b cxpyKxype 
axHx  xBepAfcix  B&iAecxB  — HecxexnoMexpnHecKHx  axoMOB  BaKaiix- 
HLix  ysJiOB  pemexKH,  aJieKxpoHHUx  jiOByineK  ii  x.  n.  ^e^eKxti  b 
cxpyKxype  HeopraHimecKHx  coeAHHeiiHH,  b BacxHOCxii,  npHMecHue 
axoMbi  noBepxHOCXH,  axoMbi  Ha  pe6pax  h b BepmHHax  KpiicxajiJiOB 
HBJiHioxcK  MecxaMH  aKXHBHpoBaHHOH  aACop6ii;HH  H AeHxpaMH  cry- 
meHHH  HOxeHAHajibHOH  3HepriiH.  OneEHAHO,  bxo  HaiiGojiee  a6$gkx- 
HOii  B axoM  CMHCJie  6yAex  noBepxHOCxb  xBepAoro  iieoprammecKoro 
BeiAecxBa,  CBoSoAHaa  ox  o6hhho  hmgioiahxch  iia  hgh  aAcop6ii,HOH- 
Hbix  H cojibBaxHpyioiAHX  CJioeB.  TaKyio  noBopxHOCxb  iiexpyAHO 
nojiyHHXb,  ecjiH  b cooxBexcxByioiAHX  ycjiOBiiHX  ocymecxBHXb  mo- 
xamiBecKoe  ABCneprupOBanHe  HeopraHHaecKHx  BemecTB.  B CHJiy 
HecKOMneHCiipoBaHHOCXH  CHji  MeacaxoMHOro  BsaiiMOAGHCXBHa,  CBe- 
H^eoSpasoBaimaH  xBepAaa  noBepxHOCXB  ApJi^KHa  oSjiaAaxb  SHaan- 
xejibHOH  peaKAHOHHOH  cnocoSHOCxbH),  CBHsaHHOH  c cyiAecxBOBa- 
HHCM  aKXHBHbIX  AeHXpOB  paAHKajIBHOrO  HJIII  HOHHOrO  XHna/OxH 
aKXHBHbie  ABHxpbi  noBepxHOCxH  B MOMeiiT  CBoero  o6pa30BaHHH  OKa- 
saJIHCb  CnOCo6HbIMH  HHHAHHpOBaXb  nOJIHMepH3ai],HIO  pHAa  MOHO- 
MepoB  c npiiBHBKOii  B HeKOxopbix  cjiyaanx  o6pa3yK)iAerocfl  hojih- 
Mepa  K xBepAOH  noBepxHOCXH  HeopraHHaecKiix  seiAecxB  [1,  2], 
ocymecxBJieHHH  npoAeccoB  nojiHMepnaaAHH,  HHHAHnpye- 
MHX  H KaxajiH3HpyeMbix  CBe>Keo6pa30BaHHOH  noBepxnocxbio  xBep- 

AHx  BeiAecxB  HaMH  HcnoJibsoBan  moxoa  BH6pan,HOHHoro  HSMejibae- 

HHH  MaxepnajioB  b npncyxcxBHH  MOHOnepa.  ^HcneprnpoBaHHe  npo- 
H3B0AHJIH  B CXaJIbHHX  H CXeKJIHHHHX  BMHyJiax  npH  paSJIHHHHX  XGM- 
nepaxypax  b axMOC(|)epe  BOSAyxa,  aaoxa  h b ycjioBiiHx  yAajienHH 
rasoB  H3  MOHOMepoB.  Hacxoxa  pa6oxH  BH6paAHOHHbix  ycxpoiicxB 
cocxaBJiHJia  50  sif.  n Bbime  npH  aMnjinxyAe  2—5  mm, 
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OKaaajiocb,  hto  MHorne  MeTajijiM,  okhcjih  h cojih,  HHKorj^a  hg 
BeAymHe  ceSn  b KOAencnpoBaHHOM  coctohhhh  hjih  b bh^g  C(J)opMH- 
pOSaHHHX  KpHCTaJIJIOB  KaK  HHHn,IiaTOpH  H KaTaJIHSaTOpH  nOJIH- 
M6pH3an.HH,  chocoShh  b ynoTpe6jiHBinHxcH  Hann  ycjioBHHX  bhsh- 
BaTB  dilCTpyXO  nOJIHMGpH3ail,HIO  CTIipOJia,  MGTHJIMGXaKpHJiaTa,  aK- 
pHJiOHHxpHjia  II  Apyrux  MOHOMGpoB.  KaK  yAajiocb  y6eAHXbCH,  flJiH 
nojiiiMepnaai^HH  h6o6xoaiimo  najiHHHG  npoii.ecca  HHXCHCHBHoro  mg- 
xaiiHHecKoro  AHcnGprnpoBaHHH  xBGp^HX  BcmeCTB,  conpoBOK^a- 

GMOrO  BOaHHKHOBGHHGM  CBG>KGH  nOBGpXHOCXH,  oSjiaAaiomGH  IICKJIJO- 
raXGJIBHO  BHCOKOH  peaKII,HOHHOii  CnoCo6HOCXI>K)  B MOM6HX  CBOGFO 
oSpaaOBaHHH.  KOHI],GHXpai];HH  aKXHBHHX  Ii;GHXpOB  nOJIHMGpiI3ari,IlH 
B 3XIIX  yCJIOBHKX  BGJIHKa  H B pHAB  CJiynaGB  na  34)(|)6KXHBH0CXB  npO” 
AGCca  HG  BJIHH6X  HajiHHHG  KHCJiopoAa  BOSAyxa. 

MGxaHHSM  xaKoii  noJiHMGpH3ai];iiH  onpGAGJiaexcH  xhmiihgckom 
npHpoAOH  oSpaayioiAGHca  tbgpaoh  hobgi^xhocxh  ii  npHpoAOii  moho- 
MGpa.  ripH  nOJlHMepH3an,HH  aKpHJIOHHXpiIJia  Ha  MGXajIJIHHeCKHX 
Fg,  Mg  H A1  npH  AHcnGpnipoBaHim  hocjigahhx  b opG^e  MOHOMcpa 
npoHCxoAiix,  no-BHAHMOMy,  HGpGAaaa  aJiGKxpona  hobgpxhocxhhmh 
axoMaMH  MGxajiJia  MOJieKyjiG  MOHOMGpa  c oGpaaoBaHHGM  aKXHBuLix 
HacxHu;  paA^KajiBHOro  hjih  HOHHO-paAHKajitHoro  XHna.  Cxoahmh 
npoAGCC  npoHCxoAHx,  ohgbhaho,  h b cjiynaG  noJiHMGpnaaAHH  cxh- 
pojia  Ha  MGxajiJiHHGCKHx  Fg,  Ni  h MGXHJiMGxaKpiiJiaxa  na  Fg,  Ni 
H Mg.  OSpaayioiAHGCfl  hojihmgphhg  npoAynxH  npeACxaBJiHiox  co6oh 
KOMSHHaAHH  MGXaJIJIOB  C OpraHHHGCKHMH  MaKpOMOJIGKyJiaMH.  HpO- 
i];GCCti  nojiHMGpH3an;HH  cxHpoJia  H MGXHJiMGxanpHJiaxa  npii  apoSjig- 

HHH  HOHHHx  KpHCxajijioB  XHHa  NaCl,  NH4CI,  BaSOd,  CaF2  h x.  h., 

nO-BHAHMOMy,  XaKHCG  CBHSaHH  C HHHAHHpOBaHHGM  HGHOCpGACXBGH- 
ho  ajiGKxpoHaMH,  Hxo  HOAXBepjKAaGxcH,  HanpiiMep,  (|)aKX0M  hojih- 
MGpH3an;HH  na  NaCl  xaKHX  AByx  MOHOMopoB  KaK  aKpHJiOHHxpHJi  h 
a’MGXHJicxHpoJi.  IIpoAyKXH  HOJiHMGpHsaAHH  B 3XOM  cjiyaac  npGA- 
CXaBJIHIOX  C060H  o6liIHHHe  rOMOHOJIHMGpH  H HG  COAGpJKax  CJIGAOB 
MGxajiJiOB.  Ha  3(|),<|)eKXHBHOCXH  npoAecca  pG3KO  oxpHD,axeJii>HO  CKa- 
3bIBaGXCH  npHCyXCXBHG  BJiarH.  HHHAHHpOBaHHG  nOJIHMGpHSaAMH 
B npiICyXCXBHH  CBG}Keo6pa30BaHIlHX  HOBGpXHOCXGH  XaKHX  COGAHHG- 
HHH,  KaK  rpa(|)Hx,  caa^a,  KBapn;,  CHJiHKarGAt,  CHJiHKaxHOG  cxgkjio, 
Ti02,  ZnO  CBHsaHO  c paspHBOM  xhmhhgckhx  cbhsgh  axoMHoro  xnna 
npH  Apo6jiGHHH  H cyiAGCXBOBaHHGM  Ha  noBGpxHOCTH  CB060AHHX  pa- 
AHKajiOB.  BpeMH  cylAecxBOBaHHH  xaKHX  paAHKajiOB  AOCxaxoHHO 
BGJIHKO,  HXO  n03B0JIHeX  HpOHSBOAHXb  AHCHGprHpOBaHHG,  HanpHMGp, 
KBapAa  HJIH  rpa{|)Hxa  oxagjibho  ox  mohomgpob  h Ha6jiH)AaxB  hojihmg-- 
pHSaAHK)  npH  CMGIHGHHH  HOCJIGAHHX  C H3MGJIBHGHHHM  MaXGpnajIOM 

nocjiG  MHoronacoBoro  xpaHGiiHH  gfo  b hhgpxhoh  axMOC(|)GpG  npii 
KOMHaXHOH  XGMHGpaxypG.  KOHGHHBie  HpOAyKXBI  HOJIHMGpHSaAHH 
npGACXaBJIHIOX  Co6oH  paCXBOpHMHG  B oSbIHHHX  paCXBOpHXGJIHX  no- 
JIHMGpU,  COAep^KaXAIIG  AO  HGCKOJIBKHX  npOAGHXOB  XHMHHGCKH  CBA- 

aaHHoro  c hhmii  HGoprannHecKoro  BGiaecxBa.  Oahobpgmghho  3th 
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npoi^eccLi  npHBOAHT  k opraHO^HJiii3au,HH  nosepxHOCTH  ZnO,  TiOa 
H Si02  3 a CHBT  XHMHHeCKOH  npHBHBKH  OpraHH^eCKOrO  nOJIHMepa. 
nofloSnaH  opraHo4)HJiH3ai3.HH  noBepxHOCTH  nponcxoAHT  h npn  ahc- 
neprnpoBaHHH  Kopynfla  AI2O3  b cpeji;e  SeaBo^Horo  ai^eTona.  . ■ 

KojiHHecTBO  oSpaayiomerocH  noJiHMepa  nponopi];HOHajiLHO  npo- 
AOJiHCHiejibHOCTH  HOMOJia  B cpefle  MOHOMepa;  noJiHMepH3aii,Hfl  HanH- 
HaexCH  yH<e  b nepBHe  momchtbi  ftpoSjienHH  TBepAoro  BemecTsa. 
HaHSoJibmHH  bhxoa  noJiHMepa  HaGjiioAaeTCH  npn  hh3KOM  cootho- 
meHHH  MejKAy  MonoMepoM  h A^^^neprHpyeMHM  MaxepHajiOM.  Ha 
KHHexHKe  H 3(|)(|)eKXHBHOCXH  npon.ecca  chjibho  CKasHBaexcH  Hane- 
Henne  bh3KOCxh  cncxeMH,  npoHCxoAHmee  b npoii^ecce  noMOJia  no 
Mepe  oSpaaoBaHHH  noJiHMepa. 

MoJieKyjiHpHbie  Beca  o6pa3yiomHxcH  roMonojiHMepoB  ne  cjinm- 
KOM  BHCOKH  H HaxoABXCH  B HHxepBajie  20  000 — ^^40  000,  Hxo  CBnaano 
c OojiBinoH  KOHAeHxpaAHeH  HHHii.HHpyK)m.Hx  ^acxHn;  npn  nenpepBiB- 
HO  npoxeKaiomeM  npoAecce  ApoOjieHna  (npn  AHcneprnpoBaHHH 
Si02  3xa  BCJiHHHHa  cocxaBJinex  10^^  hbcxhh;  na  1 3 [3]).  KpoMe  xoro, 
Heo6xoAHMO  yHHXHBaxB  H npon^eccBi  M.exaHHHecKon  AecxpyKn.HH 
y>Ke  oSpaaoBaBmnxcH  nojiHMepHHx  MOJieKyji. 

AKXHBHyio  noBepxHOCxB  HeopraHHHecKHX  BeiAecxB  mojkho  hc- 

nOJIB30BaXB  H AJIH  npHBHBKH  K HeH  yHCe  C^OpMHpOBaHHBIX  nOJIH- 
MepHBix  AeneH,  ecjin  ocymecxBjiaxb  coBMecxHOe  AKcneprnpoBaHHe, 
nanpHMep,  rpa^Hxa,  ca>KH  hjih  KBapn;a  c noJinaxHJieHOM  h Apyrnivin 
nojiHMepaMH.  B 3xom  cjiynae  yAaexcn  nenocpeACXBeHHO  XHMHne- 
CKH  CBHaaxB  HeopraHHnecKHH  nanoJiHHxeJib  c noJiHMepnBiM  Maxe-: 
pHajioM. 

C ApyroH  cxopoHH  npon;eccH  HHxeHCHBHoii  MexanHaecKOH 
cxpyKAHH  noJiHMepoB,  naxoAan^HxcH  b cxeKJiooSpasHOM  cocxohhhh, 
MoncHO  HcnojiBaoBaxB  a^ih  HHHAHHpoBanHH  nojiHMepHaaiiiHH  bhhh- 
JIOBHX  MOHOMepOB  H nOJiyneHHH  npHBHXBIX  H 6jIOK-C6nOJIHMepOB 
Ha  HX  noBepxHOCTH,  KaK  3X0  6bijio  CAejiano,  nanpHMep,  a*^^  CHCxe- 
MBI  H,eJIJtK)JI03a  — GXHpOJI.  Boo6ffl,e  rOBOpa,  B03HHKH0BeHHe  aKXHB- 
HHx  ii;eHxpoB,  BH3HBaioni;Hx  noaHMepH3aAHK),  CBasano  c paapHBOM 
xHMHHecKHx  CBaaeH,  B peayaBxaxe  Koxoporo  o6pa3yK)xca  cboOoa- 
HBie  paAHKaaBi  hjih  aKXHBHBie  hohh.  IIpH  ApoSaenHH  KOBaaenx- 
HBix  coeAHHeHHH  aMOp(|)Horo  Han  KpHCxaaaHaecKoro  cxpoeHHa  06- 
paayioxca  n,eHxpH  paAHKaaBHoro  xnna,  HHHn;HHpyioiAHe  noaHMe- 
pH3aAHK).  OSpaaoBanne  cBeaceH  noBepxHOCXH  b cayaae,  nanpHMep, 
TiCls,  npHBOAHT  K BOaHHKHOBeHHH)  CHaBHO  Ae$eKXHOH  KpHCXaaaH- 
necKOH  cxpyKxypH,  cboSoahoh  ox  oObiaHoro  aACop6n;HOHHoro  caoa 
H cnoco6HOH  HenocpeACXBeHHO  KOHxaKXHposaxB  c . MoaeKyaaMH 
cxHpoaa,  Hxo  xaKH^e  npHBOAHx  k noaHMepnaaniHH  nocaeAnero. 
^po6aeHHe  JKe  MoaeKyaapHBix  KpHGxaaaoB  xHna  Ha4)xaaHHa  ne. 
npHBOAHx  K HHHAHHpoBanHK)  noaHMepH3an;HH, . xaK  Kan  GsejneoG- 
paaoBannaa  noBepxnoGXB  xaKoro  KpHGxaaaa  gogxoht  na  HaGHiAen- 
HHX  MoaeKya.  HpnBHBKa  o6pa3yK)ni;eroca  noaHMepa  .K  xaepAHM. 
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noBepxHOCTHM  B03M0)KHa,  o^eBHAHO,  TOJibKo  B cjiy^ae  oSpaaoBB- 
HHfl  ycTOHTOBOH  xHMOTecKOH  CBH3H  AHcneprnpyeMoro  coeAHHeniiH 
c axoMaMH  yrJiepoAa  nojiHMepHOH  n,enH.  B btqm  cjiy^ae  HSMejibHae- 
Moe  BemeCTBo  Hrpaex  pojib  HaGTOflin,ero  HHHn^Haxopa  nojiKMepnaa- 
i];hh,  cxaHOBflCB  Hacxtio  oSpasyioiAHXCH  MaKpoMOJieKyji. 

KpaxKocxB  HacTOHm,ero  coo6in;eHHH  ne  nosBOJinex  ocxaHOBHXbCH 
6oJiee  noApo6HO  na  neKOxopHX  CBOHCXBax  noJiyneHHHx  npHBHxux 
conojiHMepoB  na  ocHOBe  KOMnoHenxoB  neopraHH^ecKoro  h oprami- 
HecKoro  npoHCxo>KAeHHfl.  CjieAyex  ynoMHnyxb,  ^xo  xaKHe  npo^yK- 
XH  M05KH0  HCnOJIBSOBaXb  B KB^eCXBe  aKXHBHblX  HanOJIHHXeJieM 
noJiHMepHHX  CHcxeM,  oSecneHHBaioiAHx  Jiy^iinee  GOBMemenHe  c 
HHMH  H 6oJiee  OAHopoAHoe  pacnpeAeJienHe. 

B aaKJiioHeHHe  oxmgxhm,  ^xo  npon;eGCH  coba^hkh  GBeHcen  no- 
BepXHOCXH  na  KpHCxajijiH^ecKHx  Hii3KOMOJieKyjiHpHbix  opraHH^e- 
CKHX  coJiHX,  cnocoSnHX  noJiHMepnsoBaxbCH,  nanpHMep,  aKpnjiaxe 
HaxpHH,  npH  Hx  AHcneprHpoBaHHH  b oxcyxcxBHe  Apyrax  HsMeJib- 
^aeMbix  MaxepnajioB  xaK?Ke  npHBOAHX  k nojiHMepnsaAHH  3Xhx  mo- 
HOMepOB  B XBepAOM  COCXOHHHH.  HHHAHHpOBaHHe  nojiHMepHBau^Hii 

B 3XOM  cjiynae  CBnaano  c BOSHHKHOBenHeM  Ae$eKXOB  b GxpyKxype 
caMHX  xBepAbix  MonoMepoB, 


JiHTepaTypa 
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.3.  n.  K).  B y T H r H H,  A.  A.  B e p ji  h h,  A.  3.  K a ji  m a h c o h, 

JI.  A.  B JI  10  M e H (J)  e JI  b A,  BHcoKOMOJieK.  coeA*,  1,  865,  1959. 


Summary 

The  intensive  mechanical  dispersion  of  a number  of  solid  cry- 
stalline and  amorphous  inorganic  substances  (metals,  oxides 
and  salts)  in  vinyl  monomers  was  used  for  polymerizing  the  latter 
under  simple  conditions.  The  reaction  was  induced  by  free  radi- 
cals or  active  ions  arising  on  the  newly  formed  surface  of  the  dis- 
persing inorganic  substances. 

Depending  upon  the  nature  of  the  active  surface  such  polyme- 
rization reactions  may  lead  to  grafting  of  the  resultant  polymer 
onto  the  solid  surface  of  the  dispersing  substances. 
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Resume 

Les  processus  de  concassation  mecanique  intensive  d’une  serie 
de  solides  inorganiques  a structure  cristalline  et  amorphe  (metaux, 
oxydes  et  sels)  en  milieu  des  monomeres  vinyliques  sont  uti- 
lises pour  la  polymerisation  de  ces  monomeres  dans  des  conditions 
ordinaires. 

L’amor^age  de  polymerisation  est  effectue  par  des  radicaux  lib- 
res  ou  des  ions  actifs  qui  naissent  sur  une  surface  fraiche  des  sub- 
stances inorganiques  formee  pendant  la  dispersion. 

Selon  la  nature  de  la  surface  active  les  reactions  pareilles  de 
polymerisation  peuvent  aboutir  au  greffage  du  polymere  forme 
a la  surface  solide  des  substances  dispersees. 
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I1P0U,ECC  nOJIHAMHJ^HPOBAHHfl  B TBEP;],OH  ©ABE 

A.  B.  BoJiooouna^  r.  M.Bydpnei^ee^ 

M.  Cny  panto  A,  K,  Bonetinan 

(CCCP) 


nojiiiajMH;n.HpoBaHHe  npe^CTaBjiHeT  co6oh  npHMep  aobojibho  peA- 
KHX  H no^H  He  HsyneHHHx  peaKn;HH  c ynacTiieM  opraHiniecKHx 
BeiAecTB,  KOTopue  MoryT.npoTeKaTb  b TsepAOH  ^aae.  PeaKAHH  hojih- 
KOHAeHcanHH  6ii$yHKAHOHajibHHx  coeAHHeHHH  B TBepAOH  ^aae 
BHSHBaioT  He  TOJiBKO  6ojii>nioH  xeopexHHecKHH  HHxepec,  HO  Moryx 
HanxH  npELMenenHe  b xexHOJioxHH  noJiyneaHH  noJiHKOHAeHcaAHOH- 
Hbix  CMOJi.  JlHxepaxypHHe  ASiHHHe  [1—5]  o6  axHx  peaKAHHX  orpa- 
HHHHBaioxcH  KOHCxaxaiAHeH  ^aKxa  noJiHKOHAeHcan,HH  MOHOMepoB, 
HaX0AHni.HXCH  b XBepAOM  cocxohhiih. 

Haynaa  o6iAHe  aaKOHOMepHOCXH  npoAecca  nojiHKOHAeHcaAiiH 
B xBepAOH  ^^aae,  mh  HCCJieAOBajiH  KHnexHKy  nojiHaMHAHpoBaHHH 
xpex  aJIH^aXHHeCKHX  (O-aMHHOKHCJIOX  — aMHHOaHaHXOBOH,  aMHHO- 
nejiaproHOBOH,  aMHHoyHAeKaHOBon  — h xpex  reKcaMexHJieHAH- 
aMHHOBLix  cojieii  aAHnHHOBOH,XHOAHBajiepHaHOBOHHxepe$xajieBOH 

KHCJIOX  B aaBHCHMOCXH  OX  paaJIHHHIiIX  ^aKXOpOB. 

B npeABapnxeJiLHOH  aacxH  paSoxti  b KaaecxBe  moxoahkh  iiccjie- 
AOBaHHH  npHMeHHJiH  rpaBHMexpHHecKHH  MexoA  — nenpepuBHOe 
B3BemiHBaHHe  npoSnpKH  c MOHOMepojvi  b npon;ecce  nojiHKOHAeHcaii,HH 
AJiH  H3MepeHHH  KOJiHHecxBa  BBiAeJifliorAeiiCH  b peayjibxaxe  peaKUHH 
boabi, 

B KaaecxBe  npHMepa  Ha  pHc.  1 npHBeABHH  KpiiBbie  KimexEKH 
noJiHaMHAHpoBaHHH  aMHHoneJiaproHOBOH  khcjioxh. 

B Hacxoflraee  BpeMH  npoBOAHTCa  6oJiee  noApo6Hoe  HCCJieAOBaHne 

KHHeXHKH  3XHX  peaKAHH  C HCHOJIbSOBaHHeM  MeXOAHKH  ABOHHOrO 

KajiopHMexpa.  ripHHAHn  MexoAa  coctohx  b tom,  hto,  b xq  BpeMH  khk 
B oahom  6jioKe  ABOHHOro  KajiopHMexpa  npoxeKaex  aHAOxepMiiHecKafl 
peaKiAHH,  aepea  HarpeBaxeJib  axoro  6jioKa  nponycKaiox  ajieKxpH- 
aeCKiiii  xoK  xaKOH  chjih,  htoSbi  coxpaHHJiocb  ycxanoBJieHHoe  ao 
OHbrxa  paBeHCXBo  xeMnepaxyp  o6ohx  6jiokob.  HsMepaa  moiahoctb 

30  MejHAyHapoflHbiH  ciiMnosHyM,  ceKmm  2 ^0^ 
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KOMneHCHpyioin^ero  xoKa  Kan  $yHKii.HK)  BpeMenH  nojiy^aiox  kojih- 
HecxBeHHyio  xapaKxepHCXHKy  KHnexHKH  npoxeKaiom^ero  b 6aoKe 
3H;^oxepMH^ecKoro  npoi],ecca.  3xox  Mexo^  nosBOJiHex  nojiy^xb  xoh- 
HHe  AftHHHe  o CKopocxH  npon;ecca  b nan^A™  momghx  ero  npoxena- 
HHH.  HHxerpHpoBaHHe  kphbhx  CKopocxb  — BpeMH  nosBOJiHex 
BHTOCJinxB  xenJioBOH  34)$eKx  npon;ecca. 


Phc.  l.;;3aBHCHMOCTb  cTeneHH  saBepmeHHOCTH  pGaK- 
AHH,  HaHAGHHOH  rpaBHMeTpHHGCKHM  MGTOflOM,  OT 
npOAOJIHCHTGJIbHOCTH  HpOAGCCa  nOJIHKOHAGHCaAHH 
aMHHonGJiaproHOBOH  khcjioth. 

Ha  pHC.  2 B KanecxBe  npHMepa  npHseAena  KpHBaa  KHHexHKH. 

Ha  nojiyHGHHHX  aKcnepHMenxajiBHHX  abhhhx  no  naynennio 
npon,ecca  noJinaMHAnpoBannH  aMHHOKHCJiox  cjieAyex,  ^xo: 

1.  IIOJIHKOHAeHCaAHH  aMHHOOHaHXOBOH,  aMHHOneJiaprOHOBOH  M 
aMHHoyHAeKaHOBOH  khcjiox.b  xsepAon  ^aae  npoxeKaex  c saMexHoii 
CKopocxbK)  B AQBOJibHO  y3KOM  HHxepsajie  xeMnepaxyp,  jieJKamux 
b6jih3H  xeMnepaxyp  axnx  aMnnoKHCjiox. 

2.  PeaKAiiH  nojiHKOHAeHcan,HH  aMHHOKHCJiox  B xBepAOH  ^asenpn 
3X11X  xeMnepaxypax  HBJinexcH  3HAOxepMHHecKOH{14 — i?>KKajilMOJi'b). 

3.  PeaKAHH  HMeex  hbho  BHpan^eHHHH  aBxoKaxajiHXHnecKHH 
xapaKxep. 

4. CKopocxb  peaKAHH  am  HCCJieAOBanHbix  aMHHOKHCJiox  HMeex 
Hpe3BbiB:aHH0  BHC0KHHxeMnepaxypHHHK03$(J)HAHeHX  (npH  HSMene- 
HHH  xeMnepaxypH  na  2®  CKopocxb  HSMennexcH  hohxh  b 2 paaa). 

5. 3$(|)eKXHBHaH  onepraH  aKXHBaAHH  axHx  peaKAHH,  nacKOJibKO  ee 
yAajiocb  onpeAeJiHXb  npH  cxojib  mhjiom  xeMnepaxypnoM  nnxepBaae 
pccjieAOBanHH,  OKaaajiacb  onenb  6ojibinoH:  (nopHAna  100 — 
200  KKaJl/MOJlh), 

6.  TenjiOBOH  3$(J)eKX  peaKAHH  noJiHKOHgeHcan,HH  aMHHOKHCjiox ' 
B xBepAOH  $a3e  oKaaajiCH  pesKO  saBHcniAHM  ox  xeMnepaxypH  m 
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H3MeHflJica  OT  2 AoS/cKayi/jwojibHa  2°.  XapaKTepHO,  hto  npn  HaaH^HH 
»<hakoh  ^aati  (KpHBHe,  0TH0CHin,HeCH  k TeMnepaxypaM  jSS,  ,191  h 
196°  na  pHC.  1)  aneprHH  aKTHBau;™  npon^ecca  nojiHKOHffeHcar^HH 
pesKo  naj^aex. 


dpeMfi,yactit 

Phc.  2.  SaBHCHMOCTB  cKOpocTii  peaKij;iiH  nojuiKOHAeHcaaiiH  aMiinoneJiapro- 
IIOBOH  KIICJIOTH,  HSMepCHHOH  KaJIOpHMGTpHHeCKHM  MeTO^OM,  OT  HpOflOJIHOI- 
TeJibHOCTH  3Toro  npou,ecca. 

TcMnepaxypa  i84,2°;  0»  X,  a,  D — to^kh,  nojiy^eHHHe  npii  napajijiejibHux  onuTax. 


nojiHKOHAeHcaij,HH  cojiH  reKcaMexHJieHAHaMHHa  ii  aAMOMHOBoa 
KHCJioTM  npoTeKaeT  c aaMeTHOii  CKopocTbio,  HaaiiHaa  c xeMnepaxyp 
npH6jiH3HTeJii>HO  na  25°  wme  xeMnepaxypH  ee  njiaBJieHiiH.  Snaae- 
HHH  cxenenei  aasepineHHOCTH  peaKAHH  nojiHKOHAeHcaii,HH  axoH 
COJIH,  HaHAGHHHe  HO  KOJiHHGCTBy  BbiAeJiGHHOH  BOAH,  HpeBbiniaeT 
100%  Ha  7 — 14%.  Ohh  npeBumaioT  xaK>Ke  sejiHHHHH  cxenenen  aa- 
BepmennocxH,  BHHHCJieHHbie  no  coAepjKaHHio  KOHn;eBHx  aMHHO- 
rpynn.  IIpHnHHOH  axoro,  no-BHAHMOMy,  aBJinexcH  yAajienHe,  napH-. 
Ay  c BOAOH,  Jiexynero  reKcaMexHjieHAHaMHHa. 
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nojiHKOHAeHcau,HH  cojin  reKcaMerajieHfliHaMHHa  h THOAHBajie^ 
pHaHOBOH  KHCJIOTH  B TBep^OH  (|)a3e  HCCJie^OBaHa  B HHTepBaJie 

152 — 155°.  reKcaMeTHJieHfljnaMiiHa  iia  c<j[)epLT  peaKu;BH 

npH  3TOM  npoHcxoAHT  B TopasAO  MentmeH  CTeneHii,  hom  b cjiyBae 

6 


dpeMJi.  MUH 

Pnc.  3.  rioJiHKOHfl;eiicaij,Hfl  aMHHoanaHTOBoii  khcjigth  npH  184 
ir  npH  175°  ( ) b npucyTCTBHH  okhch  MarioiH. 

1 — 6e3  KaTajiMsaTOpa;  2— o,l%  ohhch  Marnna;  .?—  o,2%  okiich  Marnna; 

4.  — 0,5%  OKHCH  Marnna,  5—1%  okhcii  Marnwa,  6 — 2%  ohhch  MarHiiH. 

cojiii  reKcaMexiiJieHAHaMHHa  h aAnnHHOBoii  khcjiotbi,  no-BHAHMOMy, 
BCJieACTBiie  6oJiee  hhskhx  Tennepaxyp  npoii;ecca  nojinaMHAnpoBa- 
HUfl.  IIojiHKOHAeHcaiiHH  coJiH  reKcaMeTHJieHAHaMHHa  h xepe^Tajie- 
Boii  KHCJIOTBI  npoTOKaeT  c saMeTHOH  CKopocTBK)  npH  TCMnepaType 
He  HHJKe  235°.  B HCCJicAOBanHOM  TeMnepaxypnoM  HHxepBajie  (240— 
250°)  npH  noJiHKOHAeHcaiiHH  aTOH  cojih  b otkpbitoh  npoSnpKe 
npoHCxoAHT  BecBMa  HHTenCHBHoe  yAajieHHe  reKcaMexHJieHAHaMHiia 
(4—8%  bx  Beca  o6pa3i]ia  cojih). 

TaKHM  o6pa30M,  nsynenHe  KHnexHKH  noJiHaMHAnpoBanHa  ren- 
CHMexHJieHAnaMHHOBHx  cojien  b xBepAOH  (|)a3e  ocjioJKneHO  BBiAeJie- 
HHOM  reKcaMeTHjicHAHaMHHa.  BsHAy  3xoro  noJiyaeHHBie  AanHBie 
MbJKHO  OIieHHBaXB  JIHHIB  C KaHGCXBeHHOH  CTOpOHBI.  HHXepeCHO  OT- 
MexiixBjHxoHeM  BHinexeMHepaxypa  HJiaBJieHHa  cojih,  xeMHH>KexeM- 
riepaxypHBin  K03$(J)HAHeHX  CKopocxH  peaKAHH. 

PeaKAiia  noJiHaMHAHpoBaHHH  b jkhakoh  ^aae  pacxBopa  iijih  pac- 
HAaBa  oGbihho  npoBOAHXca  6e3  KaxajiHaaxopoB,  xan  KaK  CKopocxB 
3TOH  peaKAHir  AOGxaxoHHO  BBicoKa.  Ha  npHBeAenHBix  BBime  a^hhbtx 
BHAHO,  Hxo  npoAOJiJKHxejiBHOCXB  npoAocca  noJiHaMHAHpOBaHiia  n 

4G8’ 
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TBepAoii  AO  noJiHoii  saBepmenHOCTH  peaKia^HH  ogoSchho 

jlJiH  noJiyneHiiH  BwcoKOMOJieKyjiHpnoro  nojinaMHAa)  hbjihgtch  bgcb- 
Ma  BHaHHTejiBHOii.  B cbhsh  c 9TMM  SoJibiiioii  iiHTepec  npe^CTaBjiflex 
McnoJiB30BaHHe  9(|)$eKTHBHBix  KaTajiHsaxopoB  npoi^ecca  noJiHaMn- 
AiipOBaHHH  B TBepji,oii  (|)a3e  c n;ejiBio  coKpamenHH  npo^oJUKiiTeJiB- 
HOCTH  9Toro  npoii,ecca. 

. B pesyjiBxaxe  HCCjieji;oBaHiiH  KaxajinsHpyiomero  AetoxBxiH  Ha 
npoH^ecc  noJiiiaMHflHpoBaHHH  aMHHoaHanxoBOH  khcjioxbi  b TBep^on 
$a3e  pasjiiiHHBTX  flo6aBOK  6bijio  naHAeno,  hxo  Aniorne  Beiii,ecxBa 
oCHOBHoro,  KHCJioro  H HeHxpajiBHoro  xapaKxepa  Moryx  ycKopaxB 
9X0X  npoi];ecc.  B KanecxBe  npHMepa  na  piic.  3 npiiBeAeHH  KpHBBie 
KHHexHKii  npoAecca  nojiHKOHAeHcan,HH  aMHHoanaHXOBOH  khcjioxbi 

B npHCyXCXBIlH  paaJlHHpBIX  KOJIHHeCXB  OKHCH  MarHHH.  CjieAyeX  ox- 
MeXHXB,  HXO  B HpHCyXCXBHH  2,  1 H 0,5%  OKHCH  MaXHHH  HpH  XCM- 

nepaxype  184°  peaKAHH  HacxiiHHO  npoxenaex  b jkhakoh  $a3e. 

IIo  CBoeii  94)(j)eKXHBHOCTH  KaxajiHjHxecKHe  Ao6aBKH  pacnojia- 
raioxcH  B cjieAyioiAHH  pa^:  6opHaH  Kiicjioxa  1%,okhcb  Maraiifl 
0,2  % >n],aBejieBOKHCJiBrH  aMMOHun  0,5  % > yKcycnoKHCJiBiii  ahhk 

0. 5.>yrJieKHCJiBiH  naxpHH  0,2 %>  KaM(|)opcyjiB$oKHCjioxa  1 % > 
yKcycHaa  KHCJioxa  0,6  %>  cepnoKHCJiHH  aMMomiH  0,5  %>  xJiopH- 
cxoe  OJioBo  1 %. 

HanSoaee  9(|)^eKXHBHBiM  Ka,xajiH3axopoM  H3  ancjia  hchojibbo- 
BBHHHX  B KaaecxBc  Ao6aBOK  BeiAecTB  aBJiaeixca  Sopnaa  KHCJioxa, 
ycKopaa  peaKAHH)  noJinaMHAnpoBaHHa,  6opHaii  KHCjioxa  b xo  ma 
BpeMH  HBaaexca  iviaao  3$4)okxhbhhm  cxaGnaHaaxopoM  ManpoMOJi.e- 
Kyji  noJinaMHAa,  axo  npHBOAHx  k nojiyacHHio  6ojiee  BBicoKOMoae- 
KyjiapHBix  noJinaMHAOB,  hgm  npn  noJiHKOHAeHcaii,HH  b xex  a<e  yc- 
.TioBHax  B npHcyxcxBHH  ApyrHx  KaxaanaaxopoB. 
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Summary 

Polyamidation  is  an  example  of  rather  rare  reactions  that  €an 
take  place  in  the  solid  phase.  These  reactions  are  of  considerable 
theoretical  and  practical  interest.  ’ 
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' In  a study  of  the  general  laws  of  poly  condensation  in  the  solid 
phase  an  investigation  was  undertaken  of  the  polycondensation 
kinetics  of  three  aliphatic  co-amino  acids,  aminoenanthic,  amino- 
pelargonic  and  aminoundecanoic,  and  three hexamethylenediamine 
salts' of  adipic^  thiodivaleric  and  terephthalic  acids  with  respect 
to  temperature.  In  preliminary  runs  the  kinetics  were  followed  by 
continuous  weighing  of  a test  tube  with  the  monomer  and  in  this 
way,  by  measurement  of  the  quantity  of  water  liberated.  At  pre- 
sent a detailed  calorimetric  study  of  the  reactions  is  being  carried 
out,  using  a differential  calorimeter  of  high  sensitivity.  The  rate 
of  reaction  at  a given  moment  is  determined  by  the  intensity  of 
the  absorbed  heat  influx  (the  reactions  are  endothermal  at  170— 
190°).  The  work  is  at  present  finished  with  regards  to  aminoenan- 
Ihic  and  aminopelargonic  acids  and  in  general  has  confirmed  the 
results  of  the  preliminary  experiments. 

As  a result  of  the  work  carried  out  one  may  consider  it  to  be 
established  that: 

1)  Poly  condensation  of  the  amino  acids  in  the  solid  phase  pro- 
ceeds  at  a noticeable  rate  over  a rather  short  temperature  range 
lying  close  to  the  melting  point  of  the  acids. 

2)  The  rate  of  the  poly  condensation  reaction  in  the  solid 
phase  has  a - very  high . temperature  coefficient. 

3)  With  respect  to  the  effective  activation  energy  of  the  process 
the  amino  acids  arrange  themselves  in  the  series: 

aminoundecanoic  acid  < aminoenanthic  acid  < aminopelar- 
gonic  acid.  Common  to  all  the  amino  acids  is  the  high  value  for 
activation  energies  of  solid  phase  polycondensation.  In  the  presence 
of  a liquid  phase  the  activation  energy  falls  sharply. 

4)  The  higher  the  melting  temperature  of  the  hexamethylene 
diamine  salt  of  the  dicarboxylic  acid,  the  larger  the  temperature 
range  of  polycondensation  in  the  solid  phase  and  the  lower  the 
temperature  coefficient  of  the  rate  of  polycondensation. 

A study  has  been  made  of  the  catalytic  action  of  various  sub- 
stances of  acidic,  basic  and  neutral  nature  on  the  process.  Many 
substances  have  been  found  to  accelerate  solid  phase  polyconden- ' 
sation.  A kinetic  series  has  been  established  with  respect  to  the 
efficiency  of  the  various  catalytic  additions. 


Resume 

La  polyamidalioii  est  iin  exemple  des. reactions  assez  rares  qui 
peuvent  se  derouler  en  phase. solide.  Ces  reactions  ont  un  grand 
Lnteret  Iheorique  et  pratique. 
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Au  cours  de  I’etude  des  regularites  gdnerales  du  precede  de 
polycondensation  de  trois  acides  co-amin^s  alyphatiques;  amino- 
enantique,  aminopelargonique  et  aminounddeanique-  et  de  trois 
selshexamethylenediamines  des  acides  adipique,  thiodivalerique  et 
terephtalique  en  fonctiondela  temperatueeteetudie.  Dans  la  partie 
preliminaire  du  travail  la  cinetique  etait  etudiee  par  le  pesage  de 
I’eprouvette  avec  le  monomere  pendant  le  precede  de  polyconden- 
satien  en  mesurant  ainsi  lesquantit^s  de  I’eau  qui  se  degage.  Ac- 
tuellement  en  effectue  une  etude  calerimetrique  de  ces  reactiens 
en  utilisant  un  calorimetre  diffirentiel  de  haute  sensibilitd.  La 
vitesse  de  reactien  est  d6terminee  a chaque  moment  suivant  la 
puissance  du  courant  thermique  absorbe  (a  170— 190°  ces  reacti- 
ons sent  endothermiques).  Actuellement  le  travail  concernant  les 
acides  amino^nantique  et  aminopelargonique  a termine  et  en  prin- 
cipe  a confirme  les  donnees  des  Etudes  preliminaires. 

Par  suite  du  travail  execute  on  peutconsid^rer  comme  le  fait 

etabli;  , , 

1.  La  polycondensation  des  acides  amines,  qui  ont  ete  mention- 
nes,  en  phase  solide  se  deroule  a une  vitesse  sensible  dans  un  in- 
tervalle  assez  etroit  des  temperatures  qui  sent  aux  environs  des 
temperatures  de  fusion  des  acides  amines. 

2.  La  vitesse  de  la  polycondensation  en  phase  liquide  a un  co- 
efficient- de  temperature  tres  eieve. 

3.  Suivant  I’energie  effective  d’ activation  du  precede  de  poly; 

condensation  en  phase  solide  les  acides  aminds  sont  disposes 
dans  le  rang  suivant;  aminoundecanique<aminoenantique<ami- 
nopeiargonique.  - , . • 

Le  point  commun  pour  tous  les  acides  consists  en  grande  signi- 
fication de  renergie  d’activation  du  proedde  de  polycondensation 
en  phase  solide.  En  presence  de  phase  liquide  renergie  d’activa- 
tion chute  brusquement.  ^ ^ ^ 

4.  Plus  la  temperature  de  fusion  du  sel  hexametbylenedianaine 
d’acide  dicarbonique  est  eievee,  plus  haute  est  la  temperature  ini- 
tiale  de  polycondensation  de  ce  sel,  plus  grand  est  I’intervalle 
de  temperature  de  polycondensation  en  phase  liquide  etd  autant 
moins  est  le  coefficient  de  temperature  de  la  vitesse  de  reaction 
de  polycondensation. 

Une  action  catalysante  des  substances  differentes  de  la  nature 
basique,  acide  et  neutral  sur  le  proc4de  de  polycondensation  en 
• phase  solide  a ete  etudiee.  On  a trouve  que  plusieurs  substances 
accelerent  la  reaction  de  polycondensation  en  phase  solide.  On  a 
etablit  le  rang  cin6tique  suivant  I’effectivite  des  differentes  addi- 
tions catalytiques. 
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THE  MECHANISM  OF  POLYMERIZATION. 

OF  e-AMINOCAPROLACTAM  CATALYZED 
BY  PHOSPHORIC  ACID 

F.  G el  e ji,  A.  S z af  n e r,  Z.  Holly,  L.  S sol  I ar 

(Hungary) 


The  polymerization  of  caprolactame  taking  place  in  the  pre- 
sence of  water  has  been  investigated  by  a number  of  authors.  On 
the  basis  of  Wiloth’s  [1],  Hermans’  [2],  Mathes’  [3],  and  Majury’s 
[4]  works  it  is  known  that  in  the  presence  of  water  or  of  catalysts 
giving  off  water,  the  polymerization  of  the  caprolactame  does  not  , 
take  place  with  a uniform  reaction  mechanism  but  with  several 
reactions  proceeding  simultaneously.  Compounds  which  give  off 
water  at  the  temperature  of  the  polymerization  that  is  at  256°  are 
used  as  catalysts.  Thus  primarily  hexa:methylene  diammonium  adi- 
pate and  aminocaproic  acid  are  used.  The  acids  and  bases  emplo- 
yed during  the  polymerization  exert*  only  a slight  cata:lytic  effect; 
their  role  consists  at  first  in  fixing  the  desired  molecular  weight. 

During  our  work  it  was  investigated  whether  the  phosphoric 
acid,  besides  its  chain-closing  effect,  catalyzes  the  polymeriza- 
tion of  the  caprolactame.  The.  reaction 

2H3PO4  — > H4P2O7  -|-  H2O 


taking  place  at  250°  and  the  wal  er  formed  during  the  reaction  are 
primarily  expected  to  exert  a catalytic  effect.  It  was 'doubtful 
whether  the  phosphoric  acid  of  1/100—1/200  moles  that  is  of  a 
quantity  equivalent  to  an  order  of  magnitude  stabilizing  the  mole- 
cular weight  yields  enough  water  for  the  polymerization  of  a velo- 
city desired  under,  industrial  circumstances. 

The  polymerizations  were  carried  out  in  a boiler  heated  by 
diphenyl  boiling  at  256°.  The  phosphoric  acid  was  added  to  the  care- 
fully distilled  and  recrystallized  caprolactame.  The  polymeriza- 
tion was  carried  out  under  a purified  and  dried  nitrogen  gas  atmo- 
sphere. The  progress  of  the  polymerization  was  controlled  by  remo- 
ving from  time  to  time  a test  tube  from  the  polymerizing  appara- 
tus. The  polymer  samples  were  processed  in  the  way  usual  in  the 
technical  literature. 
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The  progress  of  the  polymerization  is  shoAvn  in  fig.  1. 

On  the  basis  of  the  trend  and  shape  of  the  curve  it  can  be  seen 
that  the  phosphoric  acid  exerts  a considerable  catalytic  effect. 
The  correlation  between  conversion  and  time  is  shown  in  Table.- 
When  examining  in  detail  the  character  of  the  Table  and  the 
pertinent  curves,  it  can  be  seen  that  the  polymerization  starts 
in  the  first  minutes.  Depending  on  the  concentration  of  the  cata- 
lyst, the  velocity  of  polymerization  <is'  constant  ^or  a shorter  or 


Fig.  1.  Polymerization  of  caprolactam  in  presence 
of  phosphoric  acid. 

1,0  molar  Vo  H3PO4:  2 — 0,5  molar  % H3PO4;  2 - 0,3 
. . molar  V«  H8PO4. 

longer  time.  In  every  case  the  velocity  is  an  order  of  magnitude 
higher  than  the  usual  velocities  to  be  observed  in  presence  of  water. 
It  is  striking  that  the  velocity  to  be  observed  on  the  curves  is  uni- 
form until  relatively  high  conversion  percentages  then  a sudden 
breaking  can  be  observed  which  can  be  explained  by  decrease  of 
the  concentration  of  the  monomers  being  apt  to  be  polymerized. 
The  fore-part  of  the  conversion  curve  cannot  be  treated  with  cer- 
tainty because  the  polymerization  starts  with  such  abruptness  that 
an  induction  period  cannot  be  observed  even  by  Majury's  dilato- 
metric  method. 

In  the  linear  stage  the  velocity  of  polymerization  is  inverse- 
ly proportional  to  the  concentration  of  catalyst. 

At  the  end  of  the  polymerization  a real  acidamide  bond  is  for- 
med in  which  the  phosphoric  acid  is  present  as  an  acid  of  one  valen- 
cy. This  is  proved  by  fig.  2. 

It  can  be  seen  that  the  same  relative  viscosities  and  molecular 
weights,  respectively,  can  be  obtained  as  with  an  identical  quan- 
tity of  a monobasic  acid,  e.  g.  with  benzoic  or  acetic  acid,  or  with 
equivalent  adipic  acid. 
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Table 


Change  of  the  velocity  of  polymerization  with  concentration  of  catalyst 


Concentration 
of  catalyst 

Time  of  polyme- 
rization, minutes 

Conversion, 

% 

Conv. 

Velocity 

Velocity 

hour 

Cone. 

1 molar  % 

10 

9,4 

20 

18,9 

30 

28,4 

40 

37,2 

50 

46,7 

60 

56,4 

70 

65,9 

80 

76,5 

1 t 

90 

85,4 

56,7 

56,7 

100. 

86,5 

110 

86,9 

120 

87,4 

130 

87,5 

140 

87,7 

150 

88,0 

180 

89,5 

300 

90,5 

420 

91,0 

1320 

91,5 

0,5  molar  % 

10 

4,75 

20 

9,55 

30 

13,90 

40 

18,62 

50 

23,2 

60 

27,93 

70 

32,61 

80 

37,35 

90 

42,1 

100 

44,82  . 

110 

49,71 

1 

120 

54,42 

28,5 

57,1 

240 

79,00 

360 

87,0 

540 

88,5 

• 1680 

91,0 
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Table  (cont.) 


Concentration  of 
catalyst 

Time  of  polyme- 
rization, minutes 

Conversion, 

% 

Conv.  ^ 

Velocity 

Velocity 

hour 

. Cone, 

0,3  molar  % ■ 

10  ; 

2,76  : 

30  ■ ' 

CO 

00 

60 

16,66 

! 

90  • 

24,98 

120 

33,19 

' ■= 

150 

41,72 

180 

49,98 

] 

210 

.58,0 

16 

,6 

55,7 

1 

360  ■ 

•67,0 

* ..  480 

.73,0 

630  i 

vS0,0 

1160 

90,0 

At  the  beginning  of  the  polymerization  the  phosphoric  acid 
forms  with  the  caprolactame  a salt  which  can  he  prepared  with  a 
composition  corresponding  to  1 mole  of  phosphoric  acid  and  1 mo- 
le of  caprolactame.  The  salt  has  a crystalline  appearance;  its  mel- 
ting point  is  67—68°. 


7rc/ 


Fig.  2.  The  dependence  of  relative  viscosity  of  polycap rolac lam 
from  the  amount  of  phosphoric  acid  used. 

i r-  1.0  molar%  H3PO4;  2 — 0,5  molar  % HsPO*;  ^ — 0,3  molar  % H3PO4. 


On  the  basis  of  literature  data  it  can  be  inferred  that  the  sensi- 
tivity of  the  polyamids  towards  oxygen  is  decreased  by  the  phos- 
phoric acid  and  its  salts.  Therefore  it  was  investigated  whether 
the  sensitivity  towards  oxygen  can  be  observed  also  in  case  of  poly- 
merization catalyzed  by  phosphoric  acid. 

The  results  of  the  investigations  are  strikingly  shown  in  figs.  3 
and  4. 
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It  was  ‘Observed  that,  the  lactame  mixture  polymerizing  under 
"the  catalytic  influence  of  phosphoric  acid;  is  more  sensitive  against 
the  oxygen  of  air  than  the  mixtures  containing  no  phosphoric  acid . 
At  the  temperature  of  polymerization  the  oxydation  takes  place 
with  such  a velocity  that  the  more  exact  measurement  had  to  be 
carried  out  at  a lower  temperature  that  is  at  150®.  The  quantity 


4 

3 

2 

/ 


/ 2 3 4 5 6 7 8 hours  ^ 2 3 4 5 6 7 8 hours 

Tig.  3.  The  oxidation  of  caprolac-  Fig.  4.  The  oxidation  in  presence 

tam  in  presence  of  phosphoric  acid  of  phosphoric  acid  and  cupric 

at  150°.  acetate  at  150°. 

:i  — 0,0  molar%  H3PO4;  2 — 0,5  mo-  i — 0,0  molar%  H3PO4;  2 — 0,5  mo- 

Jar%  H3PO4;  5 — 0,75  molar%  H5PO4;  lar%  H3PO4  + 0,2%  Cu  acetate;  5 — 

^ “ 1,0  molar%  H3PO4.  0,75  molar%  H3PO4  + 0,2%  Cu  acetate; 

4 — 1,0  molar%  H3PO4  4-  0,2%  Cu 
acetate, 

*o'f  fthe  caprolactame  consumed  by  the  oxydation  was  measured 
byjFranz’s  and  Knizek’s  method  [5].  The  oxydation  was  carried 
out  by  giving  1,  0,75,  and  0,5  mole  % of  phosphoric  acid,  respe- 
ctively, to  400  g of  caprolactame  heated  to  150°  and  by  bubbling 
air  through  the  lactame  with  a velocity  of  10  1/hour.  It  is  shown 
by  the  figures  that  the  rate  of  .oxydation  is  proportional  to  the 
quantity  of  the  employed  phosphoric  acid.  The  rate  of  oxydation 
can  be  driven  back  by  employing  copper  compounds.  On  the  ba- 
sis of  this  fact  it  can  be  inferred  that  during  the  reaction  of  the 
phosphoric  acid  and  caprolactame  also  free  radicals  are  formed. 
In  order  to  determine  whether  chain  reactions  taking  place  accor- 
ding to  the  mechanism  of  free  radicals  play  a role  in  the  polyme- 
rization of  the  caprolactame,  polymerizations  were  carried  out  in 
{the  presence  of  inhibitors.  The  results  are  shown  in  fig.  5. 
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It  is  showji  by  the  Figure  that  in  the  presence  of  hydroquinone 
or  pyrogallol  the  velocity  of  polymerization  is  considerably  de- 
creased. The  former  velocity  of  56,7  conversion  % per  hour  is 
diminished  to  31,9  in  case  of  pyrogallol  and  to  36,8  in  case  of 
hydroquinon.  Besides  the  probably  oxydizing  reaction  according 
to  the  free  radical  mechanism  also  other  reactions  may  take  place= 


I 2 3 4 S e 7 8 9 W n IZ  13  t*  IS  16  17  18  13  20  hours 


Fi^.  5.  Polymerization  of  caprolacj^am  in  presence  of  phosphoric 
acid  and  various  inhibitors. 

/ — 1,0  molar%  H3PO4;  2 — 1,0  inolar%  H5PO4  + 1,0  molar%_  hydro- 
quinone;  3 — 1,0  molar%  HaP04  + molar%  pyrogallol. 


in  the  polymerization  of  the  caprolactaine;  therefore  the  inhibi- 
tor presumably  exerted  only  a retarding  effect.  It  is  worth  mentio- 
ning that  in  the  presence  of  caprolactame  a change  can  be  obser- 
ved even  on  the  curve  showing  the  transformation  of  phosphoric 
acid  to  pyrophosphoric  acid.  The  transformation  of  orthophos- 
phoric  acid  taking  place,  at  256°  is  shown  in  fig.  6a  and  the 
change  of  the  mixture  of  ortho  phosphoric  acid  and  caprolactame* 
of  1 : 1 molar  ratio  at  256°  with  time  is  shown  in  fig.  6Z/.- 
At  the  temperature  of  polymerization,  in  the  presence  of  cap- 
rolactame, the  pyrophosphoric  acid  is  present  in  the  polymeric 
mixture  in  a constant  quantity  on  the  basis  of.  which  it  can  be* 
inferred  that  an  equilibrium  of  certain  degree  develops  through 
the  caprolactame,  between  the  phosphoric  and  pyrophosphoric-^ 
acid. 

CH2  CH2 


H3PO4 


/ 

\ 

/ 

\ 

CO 

CHj 

CH.2 

COOH 

I 

I 

^ I 

4-  H^PoOt. 

NH 

CHj 

CH.2 

NHi: 
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Owing  to  this  extremly  fast  polymerization  reaction,  it  is 
not  probable  that  here  only  this  ring-opening  reaction  occurs. 
In  our  opinion  it  is  more  probable  that  instead  of  the  water  split 
-off  from  the  phosphoric  acid,  the  phosphoric  acid  itself  opens  the 
.caprolactame  ring.  This  fatter  process  is  more  probable  because 
dhe  very  ^uick  polymerization  reaction  cannot  be  explained  by 


b 

Fig.  6.  H3PO4  alleralion  on  256° 
a.  in  the  function  of  time;  .b.  in  the  presence  of  e-aminocaprolactam. 


ithe  aid  of  the  water  quantity  being  released  by  the  employed  phos- 
phoric .acid  quantity.  According  to  our  conception  the  phosphoric 
.acid  forms  with  the  caprolactame  a very  reactive  adductum  which 
•starts  .a  further  chain  increase  whilst  the  phosphoric  acid  splits 
off  from  the  increasing  chain  (adductum)  and  activates  newer 
monomers.  This  conception  is  in  accordance  with  Mathes’  obser- 
vation according  , to  which  in  .the  caprolactame  mixture  to  be  po- 
lymerized only. about  43,5%  of  the  phosphoric  acid  can  be  found 
,;in  a state  hound  to  the  polymeric  chain . 
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ABTope^epaT 

MccaeflOBaHHe  nojiHMepa3ai],HH  KanponaKTaMa  b npHcyiCTBHiB 
npoBO,n.H:Jioci>  MHorHMH  aBTopaMH.  B paSoTax  Wiloth,  Her- 
mans H ero  coxpyflHHKa  Mathes  BEHManne  6lijio  HanpaBjieno 
rjiaBHHM  oSpasoM  na  to,  hto  b nponiecce  nojiHMepnaauiHH  iia- 
OjiiOAaeTCH  BpeMennoe  o6pa30BaHHe  aMHiioKanponoBOH  k^cjiotbi, 
KOTopaa  saxeM  noflBepraeTca  npeBpamenmo  b nojiHMep  no  hhcto 
KOHAeHcan,HOHHOMy  MexannsMy. 

ycxanoBJiGHO,  nxo  pojit,  Koxopyio  nrpaex  KaxajinaaTop  (boah, 
aMHHOKanpoHOBaH  KHCjroxa,  reKcaMexnjteHAHaMHHaAHnax)  cocxoHJia 
B oSecneneHHH  nojiHMepnayiomeHCH  cncxeMH  boaoh  npn  Tewne- 
paxype  KOHAencaiinn. 

B HaniHx  HCCJieAOBaHHHx  6MJia  npnMeHena  ^oc^opnaa  KHcaoxa 
KaK  KaxajiHsaxop  npn  nojiHMepHsaiiHH  KanpojiaKxaivia,  raaBHMM: 
o6pa30M  a^h  Toro,  etoCh  npoBepaxL  jiHxepaxypHHe  AasHHe, 
B COOTBeXCTBHH  C KOXOpLIMH  B npHCyXCXBHH  $OC$OpHOH  KHCJIOTH 
noaBjraexca  onpeAeaennaa  ycxoHHHBocxL  k KHcaopoAy.  OAsaKo 
B naniHX  HccaeAOBaHHax  6ujio  nanAeno,  axo  OKHcaenne  Kanpo- 
aaKxaMa  Meabme  b npHcyxcTBan  $oc(|)opHOH  KncaOTJU j aeM  b ee 
OTcyxcTBHH.  BHao  noKasano,  axo  axa  6oaee  BHcoKaa  ayBCXBH- 
xeaBHocTb  aBaaexca  npHannoh  o6pa30BaHHa  saMexnoro  Koanae- 
cxBa  CB060AHHX  paAHKaaoB  npn  BsaHMOAencxBHH  (|)oc$opHOH 
KHcaoTH  c KanpoaaKxaMOM,  Koxoptie  6mctpo  pearnpyiOT  c Kncao- 
poAOM.  OKHcaenne  saMeAJiaexca  6oaee  a^^eKXHBHO  xaKHMH  HHrn- 
SnxopaMH  noaHMepH3amHH,  KOxoptie  oxoxnee  Bcxynarox  b pean- 
AHK)  CO  CB060AHHMH  paAHKaaaMH,  aoM  KiicaopoA. 

Hamn  AsuiMenmne  HCcaeAOBaHna  npoBOAnancB  na  ocHOBaHHn 
BMCKaaanHHx  BHme  cooSpa^KennH.  Kan  nsBecxHo  as  anxepaxypH, 
(j)oc$opHaa  KHcaota  aBaaexca  oaeab  3$(]^eKTHBHHM  KaxaaHsaxo-^ 
poM  noaHMepH3an;iiii,  kbk  b npHcyxcxBHH  boabi,  tbk  h b Sgsboaboh 
cpeAe.  TaK  Kaa  ^oc^opnaa  Kncaoxa  nrpaex  b npon;ecce  noanMe- 
pH3aAHH  He  xoaLKo  poat  KaxaaHsaxopa,  ho  npemAe  Bcero  areHxa, 
o6pi»iBaiOHiero  ii.enb,  xo  onxHMaabHHe  KoanaecxBa  (j[)OC$opHOH  khc- 
aoTH  AoajKHbi  cooxBexcxBOBaxb  xpeSoBaHHaM,  npeA'taBaeHHHM  k. 
K roTOBOMy  npoAyKxy. 
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yciaHOBJieHO,  HTO  HaH6ojiee  noAxoAflmne  MOJieKyjiapHHe  Beca 
uojiy^aiOTCfl  b npHcyxcTBHH  1/100  h 1/200  mom  (J)oc$opHOH  khcjio-. 
Tw  Ha  MOJiB  KanpojiaKTaMa,  C thkhaih  KOJinnecTBaMH  $oc$opHOH 
KHCJIOTH  B npHCyxCTBHH  BOflH,  HJIH  6e3  HOB,  npOHCXOAHT  SHCTpaK 
nojiHMepH3ai^Hfl.  CKopocTb  nojiHMepH3ai|,HH  o6paTHO  nponop- 
i^HOHajiBHa  KBaflpaTHOMy  KopHK)  H3  KOJiHHecTBa  KaxajiHsaTopa. 
IlpH  CHHHtBHHH  KOJIHHCCTBa  KaTaJIH3aTOpa  ffO  1/400 — 1/200  MOM^- 
iia  MOJih  KanpojiaKTaMa  pojib  boabi,  npHcyTCTByiom,eH  homhmo 
KaTajiHsaxopa,  cxanoBSTCH  aaMexnee,  h mo>kho  naSjiiOflaxb  pa3- 
JIHHHUe  CKOpOCTH  nOJIHMepH3ai].HH  B 3aBHCHMOCXH  OX  KOHH,eHTpa- 
;HHB[  $OC(|)OpHOH  KHCJIOXH. 

ripn  xeMnepaxype  nojiHMepH3aH,HH  $oc$opHaa  KHCJioxa  npo- 
HBjiHex  xeHfteHii;HK)  npeBpajaa;axbca  b napo^oc^opHyio  KHCJioxy., 
HaHAGHo,  Hxo  HMeHHO  npH  3XOM  npeBpaiaeHHH  o6pa3yK)xcH  iian- 
6oJiee  3$$eKTHBHHe  paAHKajiH,  6jiaroAapfl  KOxopuM  cKopocxb 
pacKpHXHH  AHKJia  KanpojiaKxaMa  Gojibme,  hgm  b npHcyxcxBHH 
BOAti.  rioKaaaHo,  axo,  b cooxBexcxBHH  c HamHMH  BsrjiHAaMH, 
(|)Oc4)opHaH  KHCJioxa  flBJiaexca  ne  xojibko  KaxajinaaxopoM  npH. 
pacKpiiixHH  AHKJia,  HO  xaKH^e  ycKopaex  peaKB,HK)  pocxa  aenn. 


Resume 

L’etude  de  polymerisation  de  caprolactame  en  prfeence  d’eaii 
s’effectuait  par  nombreaux  auteurs.  Dans  les  travaux  de  Wiloth, 
Hermans  et  son  collaborateur  Mathes  Tattention  etait  pretee 
essensiellement  sur  ce  fait  que  durant  la  polymerisation  avait 
lieu  une  formation  temporaire  de  I’acide  aminocaproique,  trans- 
forme  ensuite  en  polymere  selon  un  mecanisme  purement  conden- 
sant. 

On  a etabli  que  le  role  du  catalyseur  (Feau,  acide  aminocapro- 
i’que,  hexamethylenediaminadipate)  consistait  a assurer  le  sys- 
teme  polymerisable  de  Teau  a temperature  de  condensation. 

Dans  le  but  essentiel  de  verifier  les  donnees  litteraires  selon 
lesquelles  en  presence  d’acide  pbospborique  s’apparait  une  certaine 
resistane  a I’oxygene,  nous  avons  utilise  dans  nos  etudes  Tacide 
pbospborique  comme  catalyseur  de  polymerisation  de  caprola- 
ctame. Cependant  par  suite  de  nos  etudes  on  a trouve  que  I’oxy- 
dation  de  caprolactame  etait  plus  faible  en  presence  d’acide  qu’en 
son  absence.  On  a montre  que  cette  sensibilite  plus  baute  etait  la 
cause  de  formation  d’un  nombre  sensible  de  radicaux  fibres, 
a I’interaction  de  I’acide  pbospborique  .avec  le  caprolactame, 
qui  reagissent  vite  avec  I’oxygene.  L’oxydation  est  ralentie  plus 
effectivement  par  des  inbibiteurs  de  polymerisation  qui  s’engageot 
en  reaction  avec  les  radicaux  libres  avec  plus  de  legerete,  que 
I’oxygene. 
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Nous  coiitinuions  nos  etudes  en  nous  basant  sur  les  conside- 
rations ci-dessus  indiquees.  On  salt  do  la  litterature  que  I’acide 
phosphorique  est  le  catalyseur  de  polymerisation  tres  effectif 
aussi  en  presence  d’eau  qu’en  milieu  anhydre.  Comme  I’acide 
phosphorique  joue  au  cours  de  polymerisation  non  seulement  le 
role  de  catalyseur  mais  avant  tout,  le  role  d’ agent  qui  interrompe 
la  chame,  les  quantites  optima  d’acide  phosphorique  doivent 
correspondre  aux  exigences  envers  les  produits  finis. 

On  constate  que  les  poids  moleculaires  les  plus  convenarits 
sont  obtenus  en  presence  de  1/100  et  1/200  mol  d’acide  phos- 
phorique par  mol  de  caprolactame.  Avec  de  telles  quantitfe 
d’acide  phosphorique  en  pr&ence  on  en  1’ absence  d’eau  est  effe- 
ctuee  une  polymerisation  rapide.  La  vitesse  de  polymerisation 
est  inversement  proportionnelle  a la  racine  carree  de  la  quantlte 
de  catalyseur.  Au  decroissement  de  quantite  de  catlyseur  a 1/400— 
1/200  mol  par  mol  de  caprolactame  le  role  de  I’eau  qui  est  pre- 
sente outre  le  catalyseur  devient  plus  sensible  et  suivaiit  la  con- 
centration d’acide  phosphorique  les  differentes  vitesses  de  poly- 
merisation peuvent  etre  observees. 

A temperature  de  polymerisation  I’acide  phosphorique  tend 
a se  transformer  en  acide  pyrophosphorique.  On  trouve  que  c’est 
justement  par  suite  de  cette  transformation  que  les  radicaux  les 
plus  actifs  se  forment.  Grace  a ces  radicaux  la  vitesse  de  I’ouver- 
ture  de  cycle  de  caprolactame  est  plus  grande  qu’en  presence 
d’eau.  On  montre  que  conformement  a nos  opiniouns  1’ acide  pho- 
sphorique non  seulement  catalyse  Touverture  de  cycle  mais  aussi 
accelere  la  reaction  de  croissance  de  chaine. 
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nOJI]iMEPH3Ali;Hfl  KAnPOJIAKTAMA,  3HAHT0JIAKTAMA 
H KAnPHJIOJIAKTAMA  B HEHOJIflPHblX 
PACTBOPHTEJIflX  B nPHCYTCTBHH  HX  HATPHEBbIX 
COJIEtl  H flByOKHCH  yPJIEPOAA, 

KAK  AKTHBATOPA 

C.  XtnoHoeiiH.  B.OcmaoieeecKUu.  M.BAodapnuK 

(nojibma) 


ABTope^epax 

MccjieAOBaHHe  npoii;ecca  nojinMepHsamia  s-KanpoJiaKTaMa 
(KJI)  B npHcyTCTBHH  HaxpHH  6hjio  Ha^axo  Hanford,  Joyce  [1] 

M npOflOJI^KGHO  HeKOXOptlMH  JI,pyrHME[  XHMHKaMH,  HSy^aBIIIHMIl 
MHorne  npoii;eccbi  nojiHMepH3an,HH.  06li^ho  npnimMaexcH,  hxo 
B cjiynae  KanpoJiaKxaMa  noJiHMepE[3aii;Ha  HBJtflexcH  hohhhm  npo- 
U^eCCOM,  npHHGM  HaxpneBaH  COJIB  KJI  HBJIHexCR  HCXHHHHM  aKXHBH- 
pyiomHM  arenxoM.  . 

B paHHEx  cxaxLflX  Chrzczonowicz  [2—4]  onHcana  nojiHMe- 
pnsai^HH  KJI  B pacxBopnxejie ' b npHcyxcxBHH  HaxpneBOH  cojih 
H flByoKHCH  yrjiepoffa. 

B HacxoHmeH  pa6oxe  npHBO^Hxca  hobbih  mgxo^  nojiHMepnsa- 
KanpoJiaKxaMa.  Mexo^j,  flaex  bo3mo?khocxb  nojiyaeHHH  hojih- 
KanpojiaKxaMa  b noponiKooGpaBHOH  ^opMe  c xopomsM  BHXoflOM, 
npHroAHoro  nponaBOACTsa  bojiokoh.  . Mexoji;  cocxonx  b npo- 
rrycKaHHH  CO2  npH  xeivinepaxype  Btime  110°  nepea  pacxBop  Kanpo- 
jiaKxaMa  b nenoJiapiiOM  pacxBOpnxeJie,  b KOxopoM  ^HcneprEpoBaHa 
HaxpHeBaa  cojib  KanpojiaKxaMa.  KaK  HaxpneBaa  cojib  N-Kap6o- 
KCHKanpoJiaKxaMa,  Koxopaa  oca?K/^aexca  b axnx  ycjiOBHax,  xaK  h 
noJiHMep,  co/i,ep>Kain,E[n  CO2,  Moryx  6bixb  HcnoJiBSOBanBi  b KanecxBe 
oneHB  aKXHBHHX  KaxaJinaaxopoB  6jiohhoh  noJinMepH3an,HH 
Kjj  [2—4].  HccjieflOBaHHH  KHnexnKH  aHMOHHon  noJiHMepnaaAHH 
KanpojiaKTaMa  b 6jioKe,  onncaHHHe  Apyr^MH  aBTopaMH  [5,  6], 
AaiOT  flonojiHHTeJiBHHe  AOKaaaTeJibCTBa  KaTaJiHTHHecKoii  aKTHB- 
HOCXH  3XHX  BemecxB.  npoflOJincaa  naniH  Hccjie^OBaHna  no  Mexa- 
HH3My  npoii,eccoB  nojinMepnaai^nn  KanpojiaKxaMa  [7,  8]  h /i;pyrHx 
jiaKxaMOB,  naM  yflajiocB  noffxnepAHXB  nanin  6ojiee  pannue  npe^- 
nojioacenna,  nxo  ananxoJiaKxaM  h KanpnjiojiaKxaM  xaKjKe  nojiHMe- 
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pHSyiOTCH  B HenOJIHpHHX  paCTBOpMTeJIHX  B npHCyTCTBHH  IiaTpJie- 
BfclX  COJieil  JiaKXaMOB  H CO2.  nOJIHMepH3aU,HH  3THX  JiaKTaMOB 
npoBOflHTCH  nyxeM  nponycKaHHB  CO2  b pacxBop  JianxaMa  B^HenoJinp- 
HOM  pacxBopHxeJie,  b KOxopoM  ftHcneprnpoBaHa  HaxpHeBan  cojib 
jiaKxana  npn  xeivinepaxype,  jieJKamen  BHme  xeMnepaxypti  pasjio- 
jKeHHH  cooxBexcxByK)in,HX  HaxpHeBHx  cojieii  N-Kap6oKCHJiaKxaAiOB. 
nojiHMepH3aii.HH  npoxeKaex  6ticxpo  (b  xe^enne  10 — 40  mhh.), 
npHBGM  HaxpHeBaa  cojib  jiaKxaMa  HBJiaexcH  hcxhhhhm  anxEBspyio- 
mHM  arenxoM,  a CO2  — coKaxaJiHsaxopoM,  npoMOXE;pyiom,HM  cxmen- 
jieHse  HOHOB  naxpHH  ox  naxpHOBOH  cojih  jiaKxaMa,  a xaK>Ke 
BBi3BiBaK)iii,E[M  npoMOKyxoBHoe  o6pa30BaHHe  HaxpneBOH  cojih 
N*Kap6oKCHJiaKxaMa.  TcMnepaxypa,  npH  KOXopoH  npOHCxo/^Hx 

^eKap6oKCHjiHpoBaHHe  nax- 
pHOBoii  COJIH  JiaKxaMa  b 
iipHcyxcxBHH  JiaKxaMa,  OKa- 
auBaex  peniaH)m,ee  bjimb- 
HHG  iia  xoA  npoi^ecca 
noJiHMepH3ai].HH.  3xo  cbh- 
3aHo  c ycxoHHHBOCXbro  ii;hk- 
jia  cooxBexcxByioin,ero  JiaK- 
xaMa. H3  KpHBBIX,  HJIJIIOCX- 
papyiom^Hx  aaBHCHMOCxB 
cxeneHH  peaKij;HH  ox  xcm- 
nepaxypbi,  moh^ho  BHji,exB, 
Hxo  noJiHMepH3an,HH  JiaK- 
xaMa iiaHHHaexcH  npH  xgm- 
nepaxype,  6jih3Koh  k xgm- 
nepaxype  pa3Jio>KeHHB:  ero 
HaxpHeBOH  COJIH.  IIpH  60- 
jiee  HH3KHX  xeMnepaxypax 
noJiyaaioxcH  npoji,yKXbi,  Jier- 
KO  paCXBOpHMHG  B BO^e.  SaBHCHMOCXB  CXGHGHH  nOJIHMGpHSaUiHH 
KanpoJiaKxaMa  (KJI),  ananxojiaKxaMa  (9JI)  h KanpHJioJiaKxaMa 
(KHJI)  ox  xGMnGpaxypbi npGfl.exaBJi6Ha  iia  pHcynne  (bpgmh  : 40  mhh., 
0,33  TpaMM-axoMa  Na  na  MOJih  ■ JiaKxaMa,  iianaJiBHaH  kohu,gh- 
xpaii,Hfl  MOHOMGpa  20  e/lOO  3 pacxBopHXGJia). 

HccjiGAOBaHHG  npoAyKxoB,  noJiyaaGMBix  hocjig  peaKij,HH  CO2 
C HaxpHGBOii  COJIBK)  JiaKxaMa  B SgHSOJIG,  HPHBOAHX  AJIH  9XHX  cog^h- 
HGiTHH  K (j)opMyjie: 

c = o 

^N  — C~ONa 


BjiHflmie  xeMnepaxypH  na  rjiy6imy  no- 
jiHMepHBaijHH  (npoAOJiHtHxeJiBHOcxB  peaK- 
ijHH  40  MHii.,  0,33  slamoMa  Na/jwo./ib 
jraKxaMa,  Ha^ajiBHaH  Koni^eHxpaiiHfl  mo- 
HOMepa  20  a/lOO  mji  pacxBOpHxeJifl). 

1 — KanpHjiojiaKTaM,  2 — anaHTOJiaKTaM, 

3 — KanpoJiaKxaM. 


0 

ripH  6oJIGG  BHCOKOli  XGMHGpaxypG  3XH  COGAHHGHHH  A^KapOO^ 
KCHJIHpyiOXCB.  ripHHHB  o6pa30BaHHG  3XHX  COGAHHGHHH,  MOHxHO 
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o6i>HCimTb  JierKOCTb  npeBpamenHH  jiaKTawa  b jiHHeiiHHH  nojiHMep. 
ripH  JI,eKap60KCHJIHp0BaHHn  3THX  COeflHHeHHH  06pa3yK)TCH  HOHBi, 
KOTopbie  MoryT  pearnpoBaTb  c jiaKTaMOM  [3].  Bo3mo>kho  xaKJKe, 
MTO  .npH  Toii  >Ke  peaKi],Hii  oSpasyiOTCH  ii,HKJiHHecKiie  coeAnne- 
HHH  [3].  TaK  KaK  cBH3i>  asoT  — yrjiepoji,  b MOJieKyjie  JiaKTaMa 
MOKGT  HMexb  ^lacTHHHo  HeHacbiui;eHHLTM  xapaKiep: 

— CO  — NH  — — C (OH)  = N — 

TO  Mo>KHO  ^onycTHTb,  HTO  HCCJie;].yeMBiH  npoi^ecc  othochtch  k TOMy 
THny,  KOTopHH  npeji,jio>Keiio  6btjio  itaBWEaTb  «TayTOMepiiOM  hojih- 
MepH3ai;EeH»  [9],  He6oJibiiiHe  KOJin^^iecTBa  NaOH  b peaKii,KOHHOM 
n,eHTpe  (BBe^eHHBie  c naxpHeM)  ;i,eHCXByiOT  KaK  3HOJin3HpyK)in,HH 
areux.  OAnaKO  KOHU,eHxpaii,HH  hohob  OH  ne  AOJi>KHa  npeBBimaxb 

HeKOXOpOH  MaKCHMaJIBHOM  BeJIHEHHBI,  CBOpx  KOXOpOH  OHH  6yAyT 
GKasBTBaxB  pTHrH6Hpyioiu,ee  AencxEne  (rHApojiHs  o6pa30BaBmHXCH 

aMHAOE),  ocTaHaBJiBBaxB  peaKAHK)  iiojiHMepHsaAHH  HjiH  cnoccS- 

CXBOEaXB  06pa30EaHHI0  npOAyKTOB  C HH3KOH  CXeneHBK)  nOJIHMe- 
piiaaAHH  [3].  06BHCHeHHe  MexaHHSMa  nojiHMepHsaAHH,  xaK  me 
KaK  BJiHBHHe  xeMnepaxypH,  KOJiHEecxBa  KaxajiHsaxopa,  kohagh- 
xpaAHH  MOHOMepa  Ha  xoa  peaKAnn,  cieneHB  noAHMepHsaAsn  h 
coAep>KaHHe  oJinroMepoB,  BKJiiOHeHO  e nojiHBiii  xeKcx 
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Summary 

Investigations  of  the  polymerization  of  e-caprolactam  (CL) 
in  the  presence  of  sodium  were  initiated  by  Hanford,  Joyce  [1] 
and  continued  by  several  other  chemists,  They  were  concer- 
ned with  bulk  polymerization  processes.  It  is  gcrierally 
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maintained  that  in  this  case  the  polymerization  is  an  ionic 
process,  the  sodium  salt  .of  CL  being  the  true  activating 
agent. 

In  the  earlier  papers  of  Chrzczonowicz  12,  3,  4]  the  polymeri- 
zation of  CL  in  a solvent  and  in  the  . presence  of  its  sodiurd  salt 
and  CO2  was  described. 

In  the  present  work,  a new  method  of  polymerization  of  capro- 
lactam is  presented.  The  method  makes  it  possible  to  produce  in 
good  yields  polycaprolactam  in  powder  form  which  may  be  used 
to  spin  fibres.  It  consists  in  passing  CO2  at  a temperature  above 
110°  through  a solution  of  caprolactam  in  non-polar  solvents  in 
which  the  sodium  salt  of  caprolactam  has  been  dispersed.  The 
sodium  salt  of  N-carboxycaprolactam,  which  precipitates  in  these 
conditions  and  the  polymer  containing  CO2  can  both  be.  used  as 
very  active  catalysts  of  the  bulk  polymerization  of  CL  [2,  3,  4]. 
Kinetic  investigations  of  the  anionic  polymerization  of  capro- 
lactam in  bulk. described  by  other  authors  [5,  6]  supplied  another 
proof  of  the  catalytic  activity  of  the  above  substances. 

Continuing  our  investigations  of  . the  mechanism  of  the  poly- 
merization process  of  caprolactam  [7,  8]  and  other  lactams  we  have 
been  able  to  confirm  our » earlier  supposition  that  enantplactam 
and  caprylolactam  also  polymerize  in  non-polaf  solvents  in  the 
presence  of  sodium  salts  of  lactams  and  CO2.  The  polymerization 
of  the  above  lactams  is  carried  out  by  introducing  CO2  at  tempe- 
ratures above  the  decomposition  temperature  of  the  respective 
spdium  salt  of  N-carboxylactam  into  a solution  of  lactam  in  non- 
polar solvent  in  which  the  sodium  salt  of  lactam  has  been  dispersed. 
The  polymerization  occurs  in  a short  time  (10—40  minutes), 
the  sodium  salt  of  lactam  being  the  true  activating  agent  and 
CO2  — a cocatalyst  promoting  the  dissociation  of  sodium  ions 
from  the  sodium  salt  of  lactam,  as  it  induces  the  intermediate 
formation  of  the  sodium  salt  of  N-carboxylactam,  The  tempera- 
ture at  which  decarboxylation  of  the  sodium  salt  of  lactam  in  the 
presence  of  lactam  takes  place  bears  a decisive  effect,  on  the  course 
of  polymerization  process.  This  is  connected  with  the  stability 
of  the  respective  lactam  ring.  It  can  be  seen  from  graphs  illustra- 
ting the  dependence  of  the  extent  of  reaction  on  temperature, 
that  the  polymerization  of  a lactam  begins  at  a temperature  near 
the  temperature  of  decarboxylation  of  its  sodium  salt.  At  lower 
temperatures  the  products  obtained  are  readily  soluble  in  wa- 
ter. 

The  dependence  of  the  extent  of  polymerization  of  caprolactam 
(CL),  enantolactam  (EL),  and  caprylolactam  (CyL)  on  tempera- 
ture is  presented  on  graph  1 (time:  40  min.,  0,33  gram-atom 
Na/mble  lactam,  initial  concentration  of  monomer  20  g./lOO  gj 
solvent).  ' 
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Investigations  of  the  products  which  are  obtained  after  the 
reaction  of  CO2  with  the  sodium  salt  of  lactains  in  benzene  point 
to  a formula: 

■ 

^N  — C-  ONa 

!!  ' . . . ■ 

0 

for  these  compounds. 

They  undergo  decarboxylation  at  higher  temperatures.  Assu- 
ming the  formation  of  the  above  compounds;  the  readiness  of  the 
conversion  of  the  lactam  to  a linear  polymer  can  be  explained. 
The  decarboxylation  of  these  compounds  yields  ions  which  can 
react  with  the  lactam  [3], 

It  is  also  probable  that  cyclic  compounds  are  formed  in  the' 
same  reaction  [3]. 

As  the  nitrogen-carbon  bond  in  the  lactam  molecule  can 
have  a partially  unsaturated  nature  ■ 

— CO  — NH >.—  c(OH)  = N — 

it  may  be  assumed  that  the  investigated  process  is  of  the  type, 
which  was  proposed  to  be  called  «tautomeric  polymerization))  (9). 
Small  amounts  of  NaOH  in  the  reaction  centre  (introduced  with 
sodium)  act  as  an  enolizing  agent.  However,  the  concentration 
of  OH"  ions  should  not  exceed  some  maximum  value. above  which 
they  would  exert  an  inhibiting  action  (hydrolysis  of  the  amides 
formed)  stopping  the  polymerization  reaction  or  yielding  products 
of  low  degree  of  polymerization  [3]. 

The  explanation  of  the  mechanism  of  polymerization,  as  well 
as  effect  of  temperature,  ammount  of  catalyst,  concentration  of 
monomer  on  the  course  of  the  reaction,  the  degree  of  polymeri- 
zation and  the  content  of  oligomers  will  be  included  in  the  full 
text. 


Resume 

L’ etude  du  processus  de  polymerisation  d’e-caprolactame  (CL), 
en  pr&ence  de  sodium  a ete  commehcee  par  Hanford,  Jonce  et 
poursuivie  par  quelques  autres  chimistes  etudiant  beaucoup  de 
processus  de  polymerisation.  On  admet,  en  general,  que  dans  le 
cas  du  caprolactame  la  polymerisation  est  un  proces  ionique,  le 
sel  de  sodium  (CL)  etant  un  vraie  agent  d’activation. 
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Da,ris,  les.  articles  primaires  de  Ghrozczonowicz  a ete  decrite 
la  polymerisation  de  CL  dans  le  solvant  en  presence  de  sel  de  so- 
dium et  de  gaz  carbonique. 

Dans  ce  travail  est  donnee  une  nouvelle  methode  de  polyme- 
risatiOix  du  caprolactame.  La  methode  donne  la  possibilite  d’obtenir 
uh  bon  rendement  du  polycaprolactame  sous  forme  de  poudre 
convenable  pour  la  production  des  fibres.  La  methode  consiste 
a faire  passer  C02’a  temperature,  superieure  a 110°  a travers  la 
solution  du  caprolactame  dans  le  solvant  non-polaire  dans  lequel 
est  disperse  le  sel  sodique  du  caprolactame.  Le  sel  sodique  de 
N-carboxycaprolactame  qui  se  precipite  dans  ces  conditions  aussi 
bien  que  le  polymere  contenant  CO2  peuvent  etre  utilises  a titre 
des  catalyseurs  tres  actifs  de  polymerisation  en  bloc  de  CL.  Les 
etudes  de  la  cinetique  de  polymerisation  anionique  du  caprolac- 
tame en  bloc  decrites  par  d’autres  auteurs  donnent  des  preuves 
supplementaires  de  I’activite  catalytique  de  ces  substances.  En 
poursuivant  nos  etudes  sur  le  mecanisme  du  processus  de  poly- 
merisation du  caprolactame  et  d’autres  lactames  nous  avons 
reussi  a confirmer  nos  suppositions  que  Toenantolactame  et  cap- 
rylolactame  se  polymerisent  aussi  dans  les  solvants  non-polaires 
en  presence  des  sels  sodiques  des  lactames  et  de  CO2.  La  polyme- 
risation de  ces  lactames  est  effectuee  par  barbotage  de  CO2  dans 
la  solution  de  lactame  dans*  le  solvant  inpolaire  on  est  disperse 
le  sel  sodique  de  lactame  a temperature,  superieure  a celle  de  de- 
composition des  sels  sodiques  correspond  ants  de  N-carboxylacta- 
mes.  La  polymerisation  s’effectue  vite  (en  10 — 40  min);  dans  ce 
cas  le  sel  sodique  de  lactame  est  un  vrai  activateur  et  CO2  est 
un  cocatalyseur,  promoteur  de  la  fission  des  iones  de  sodium  du 
sel  sodique  de  lactame  et  initiateur  de  formation  intermediaire 
du  sel  sodique  de  N-carboxylactame.  La  temperature  de  decarbo- 
xylation du  sel  sodique  de  lactame  en  presence  de  lactame  exerce 
un  influence  decisive  sur  le  processus  de  polymerisation.  Ce  fait 
est  du  a la  stabilite  du  cycle  du  lactame  correspondant.  Selon 
les  courbes  illustrant  la  relation  eritre  le  degre  de  reaction  et  la 
temperature  on  pent  voir  que  la  polymerisation  du  lactame  com- 
mence a temperature,  proche  de  celle  de  decomposition  de  son 
sel  de  sodium.  A temperatures  plus  basses  on  obtient  les  produits 
faciles  a dissoudre  en  Lean.  La  relation  entre  le  degre  de  poly- 
merisation du  caprolactame  (CL),  de  roenantolactame  (E.  L.) 
et  du  caprylolactame  (C.  J:  L.),  d’une  part,  et  la  temperature, 
d’autre  part,  est  presentee  par  la  figure  1 (temps:  40  min,  0,33  ga 
de  Na/wo/  du  lactame,  la  concentration  initiale  du  monomere  — 
20/100  g de  solvant)  fig.  1. 

L’etude  des  produits  obtenus  apres  la  reaction'  de  CO2  avec 
le  sel  sodique  de  lactame  dans  le  benzene  a amene  a la  creation 
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pour  ces  composes  de  la  formule 

C = 0 

— G — ONa 

' II  ' 

.0  ■ \ 

A temperature,  plus  haute  ces  composes  se  decarboxyleiit.  En 
admettant  la  formation  de  ces  composes  on  peut  expliquer  la  fa- 
cilite  de  conversion  du  lactamc  en  polymere  lineaire.  Lors  de  la 
decarboxylation  de  ces  composes  se  formeut  des  ions  qui  peuvent 
reagir  avec  le  lactame.  II  est  aussi  possible  que  par  suite  de  la 
meme  reaction  se  ferment  les  composes  cycliques.  La  liaison 
azote-carbone  dans  la  molecule  du  lactame  pouvant  avoir  un 
caractere  partiellement  insature 

On  peut  admettre  que  le  processus  indique  se  rapporte  au  type 
qu’oii  a propose  nomer  «polynierisation  tautomerique».  Des 
petites  quantites  de  NaOH  dans  le  centre  reactionnel  (inserrees 
avec  le  sodium)  agissent  comme  agent  enolisant.  Cependant  la 
concentration  des  ions  OH  ne  doit  p?is  depasser  un  certain  ma- 
ximum au-dessus  duquel  ils  se  mettront  a exercer  une  action 
inhibitrice  (hydrolyse  des  amides  formes),  a arreter  la  polymerisa- 
tion et  a favoriser  la  foririation  des  produits  a has  degre  de  po- 
lymerisation. L’explication  du  mecaiiisme  de  polymerisation 
ainsi  que  de  I’influence  de  la  temperature,  de  la  quaiitite  du 
catalyseur  de  la  concentration  de  moiiomere  sur  le  cours  de  reac- 
tion, le  degre  de  polymerisation,  et  la  teneur  en  oligomeres  est 
inseree  dans  le  texte  complet  du  rapport. 
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INVESTIGATION  ON  THE  ISOMERIZATION 
OF  MALEATE-^FUMARATE 
AT  THE  ESTERIFICATION  WITH  VARIOUS  GLYCOLS 

V an  csb' S zmer  csdTiy  K;  Maros-Greger^ 
E.  Makay-Bbdi 
(Hungary) 


It  has  been  found  already  in  1929  by  Carothers  that,  at  the 
esterification  of  maleic  acid  at  200°,  a transformation  of  the 
cis-modification  into  the  trans-modification  takes  place 
[1],  With  regard  to  numerous  properties  the  fumarate  esters 
deviate  from  the  maleate  esters.  A considerable  discrepancy  oc- 
curs, for  example,  in  the  number  of  viscosity,  the  softening  point 
of  the  maleates  and  fumerates  [2,  3].  Also  in  the  polymerizing 
reactivity  a discrepancy  can  be  observed  [3]. 

On  account  of  these  differences,  the  maleate  — fumarate  trans- 
formation is  of  considerable  importance  in  connection  with  poly- 
ester contact  resins  also  from  the  practical  point  of  view. 

Investigations  have  been  found  to  be  insufficient  or  rather, 
no  unanimous  opinion  could  be  attained  by  the  authors  to  permit 
an  elucidation  of  the  question  to  what  extent  the  various  factors 
would  influence  the  isomerization. 

In  our  present  paper  we  want  to  give  an  account  about  the 
results  of  our  investigations  in  which  the  esterification  of  maleic 
anhydride  had  been  carried  but  with  glycols  of  various  composi- 
tions (molecular,  structure)  and  the  effect  of  the  glycols  on  the 
cis  — trans  transformation  was  examined.  Further,  this  discus- 
sion ahows  also  the  results  obtained  at  the  preparation  of  mixed 
esters,  when,  dependent  on  the  chemical  character,  the  isome- 
rization had  been  investigated. 

Experimental  method 

The  polyesterification  was  carried  out  in  fusion  without  cata- 
lyst. The  applied  dicarboxylic  acids  and  dialcohols  were  present 
in  equivalent  amounts  in  every  case.  The  temperature  of  the  con- 
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densation  was  160—175°,  the  duration  of  the  condensation  12 — 
14hours.  Probes  were  taken  from  the  reaction  mixture  during  the 
polymerization.  The  acid-number  of  the  probes  was  determined 
and  from  these  acid-numbers  the  molecular  weights  could  be 
calculated.  The  different  polyester  probes  with  various  molecular 
weights  were  submitted  to  cold  saponification  in  NaOH  solution. 
The  maleic  acid  and  fumaric  acid  were  determined  from  the  de- 
composed polyesters  with  polarograph  [4]. 

Experimental  results 

Maleic  anhydride  and,  individually  in  each  case,  the  following 
glycols  have  been  used  in  the  polycondensation: 

1.  Ethylene  glycol 

2.  1,2-propylene  glycol 

3.  1,3-butylene  glycol 

4.  diethylene  glycol 

Fumancoctd,%  2 
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MoL  weight 

Fig.  1.  Cis-trans  isomerization  at  tbe  polycondensation  of 
maleic  anhydride  with  different  glycols.  .Materials  used  by 
polycondensation: 

i — Ethylene  glycol  + maleic  anh.,  2 — 1,2-propylene  glycol  + ma- 
leic anh.;  3—1,3-butylene  glycol  + maleic  anh.;  4 — Diethylene 
glycol  -f  maleic  anh. 

The  following  starting  material  was  applied  when  mixed 
esters  were  prepared: 

1.  1,3-butylene  glycol,  maleic  anhydride,  phtalic  anhydride 
(Mole  ratio  of  the  acids:  1:1) 
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2.  Ethylene  glycol,  maleic  anhydride,  phtalic  anhydride  (Mole 
Tatio:  1:1) 

3.  Ethylene  glycol,  maleic  anhydride,  succinic  acid  (Mole  ra- 
tio: 1:1). 

4.  Ethylene  glycol,  maleic  anliydride,  sebacinic  acid  (Mole 

ratio:  1 : 0,25)  - 

The  amount  of  the  fumaric  acid  determined  from  the  decompo- 
sed polyesters  with  polarographic  methods  has  been  represented 
graphically  as  a function  of  the  molecular  weight  of  the  polyesters. 

Fig.  1 shows  the  change  in  the  isomerization  rate  during  the 
progress  of  the  polycondensation  reaction  in  case  of  the  polye- 
sterification of  various  glycols. 

A discrepancy  appears  in  the  course  of  the  curves  but  their 
character  is  identical.  After  an  ascending  section  no  further  rise' 
occurs  in  the  percentage  of  the  fumaric  acid  but  it  accepts  a con- 
rstant  value.  As  it  may  be  seen,  these  constant  values  show  a con- 
isiderable  deviation  from  each  other  which  is  in  conformity  with 
the  chemical  composition  of  the  glycol  applied.' 

Before  obtaining' the  constant  values,  i.  e.,  before  the  curves 
-attain  the  horizontal  section,  the  graphs  do  not  ascend  steadily 
but  pass  a steep  part. 

Constant  isomerizing  values  belonging  to  various  glycols 
as  well  as  molecular  weights  corresponding  to  these  values  are 
represented  in  Table  1. 

Table  1 


Data  in  connection  with  the  cis— trans  transformation  of  the  polyesters 
prepared  of  maleic  anhydride  and  different  glycols 


Disignation  of 

glycols 

Fumaric 
acid,  % 

maleic 
acid,  %‘ 

6.JL 

(U 

•Ell 

tod 

average 
condensa- 
tion deg- 
ree* 

average 

molecular 

weight 

average 

conden- 

sation 

degree 

with  constant  values 

1.  Ethylene  glycol 

55,5 

44,5 

650 

9.2 

350 

4,9 

:2.  1,2-propylene 

glycol 

89,0 

11,0 

640 

8,2 

3.  1,3-lmtyleiie 

glycol  

57,0 

. 43,0 

1000 

11,8 

400 

,4,9 

-4.  Diethylene  gly- * 

col 

31,3 

. ,68,7 

1050 

11,3  . 

500  • 

5,5 

^ The  maleic  acid  used  in  the  condensation  was  calculated  at  100%,  » The  values 
•connected  with  the  average  weight  and  condensation  degree,  respectively,  refer  to  car 
ses  where  thb  quantity  of  fumaric  acid  attained  the  constant  value,  * The  given  values 
indicate  the  molecular  weights  arid  condensation  degrees,  respectively,  referring  to  thp 
begin  of  the  steep  section  of  the  curve.  ' ‘ 
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From  Table  1 and  Fig.  1 it  can  be  stated  that  the  isomeriza- 
tion attains  its  constant  value  after  a very  short  time.  With  dif- 
ferent glycols  these  constant  values  appear  with  almost  identical 
(about  10)  condensation  degree. 

From  the  results  of  Fig.  1 and  Table  1 it  becomes  clear  that 
a definite  influence  is  extorted  on  the  isomerization  by  the  stru- 
cture of  the  glycols  applied  at  the  polymerization.  In  our  case 
:these  are,  for  example,  the  1,2-propylene  glycols,  which  provide 
polyesters  with  the  densest  structure  and  promote  the  isomeriza- 
tion to  the  highest  degree.  Among  the  investigated  cases  it  was 
with  diethylene  glycol  that  the  slightest  cis  — trans  transfor- 
mation occurred.  This  becomes  evident  by  considering  the  high 
intramolecular  mobility  of  the  diethylene  glycols  where,  as  a con- 
sequence of  this,  for  the  formation  of  a modification,  the  stereo 
conditions  are  not  so  compelling  as  in  the  case  of  1,2- propylene 
glycol  or  even  with  ethylene  glycol  polyesters. 

Table  2 shows  coiistant  isomerization  values  obtained  with 
mixed  esters. 

Tablo  2 


Isomerization  data  obtained  at  tiie  preparation  of  mixed  maleato 

polyesters 


starling  materials 

Fumaric 
acid,  % 

maleic 
acid,  % 

average 

molecular 

average 

condensa-. 

tion 

with  constant  values 

weight  1 

degree^ 

1.  1,3-butyleiieglycol  maleic  an- 
hydride phtalic  anhydride  . . . 

70,0 

30,0 

. 375 

3,9 

.2.  Ethylene  glycol  maleic  anhyd- 

ride phtalic  anhydride 

83,0 

17,0 

225 

2,7 

-3.  Ethylene  glycol  maleic  anhyd- 

ride succinic  acid  

57,1 

42.9 

330 

4,6 

‘4.  Ethylene  glycol  maleic  anhyd- 
ride sebacic  anhydride  .... 

64,6 

35,4 

400 

4,9 

1 The  values  of  average  molecular  weights  and  condensation  degrees,  respectively, 
-efer  to  the  initial  steep  section  of  the  curve. 


Fig.  2 and  3 represent  the  isomerization  experienced  on  mixed 
polyesters  compared  with  the  isomerization  curve  of  the  suitable 
polyesters  with  two  components. 

From  Table  2 and  the  Fig.  2 and  3 it  becomes  evident  that  in 
case  of  mixed  esters  a more  vigourous  isomerization  takes  place 
than  with  the  suitable  polyesters  with  two  components.  It  is  re- 
markable that  aromatic  compounds  furnished  quickly  an  isome- 

' 507 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


J50  300  450  600  750  300  W50  J200’  1350  1500  1650  1800  1350 

Mot.  weight  • 


Fig.  2.  Cis-trans  isomerisation  o cpolyesLers  ethylene  glycol  {basis 
as  a function  of  the  molecular  weight.  Materials  used  by  polycon- 
densation: 

i — Ethylene  glycol  + maleic  anh.  2 — Ethylene  glycol  + maleic  anh.  + phta- 
lic  anh.;  3 Ethylene  glycol  + maleic  anh  + succinic  ac.;  4 — Ethylene  gly- 
col -i-  maleic  anh  + sebaclc  ac. 
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Fig.  3.  Cis-trans  isomerization  of  mixed  polyesters  on  1,3-butylene 
glycol  basis  as  a function  of  the  molecular  weight  of^  the 
polyesters.  Materials  used  by  polycondensation: 

1 — 1 ,3-Butylene  glycol  + maleic  anh.;  2 — Butylene  glycol  -F  maleic 
’ anh  + phtalic  anU. 
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Fig.  4.  The  molecule  model  of  the  polyethylene  fumaric  (2) 
and  maleic  (2)  esters. 


The  maximum  isomerization  value  (51,1%  of  fumaric  acid) 
observed  with  polyesters  prepared  from  ethylene  glycol,  maleic 
anhydride,  succinic  acid  as  the  starting  material  was  found  to 
be  almost  identical  with  the  constant  values  of  the  isomerization- 
curve  of  ethylene-glycol  — maleate  (Fig.  2,  curves  1 and  3). 
The  initial  section  of  the  two  curves  before  the  constant  part' de- 
viate only  to  such  a degree  as  the  isomerization  with  mixed  esters 
occurs  to  be  slower,  the  constant  value,  however,  is  obtained  with 
a higher  molecular  weight.  This  could  be  expected  since  the  suc- 
cinic acid  corresponds  to  the  trans  — modification. 

The  discussed  cis  — trans  transformation  and  the  change 
in  the  transformation  degree,  respectively,  by  the  alteration  of 
the  starting  material  of  the  polyesters  may  primarely  be  attri- 
buted to  stereochemical  effects. 
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rizatioii.  With  polyesters  containing  phtalic  acid  the  steep  section 
of  the  isomerization  curve  had  started  about  the  average  conden- 
sation degree  of  3,  while,  with  aliphatic  components  an  average 
condensation  degree  of  about  5 was  belonging  to  the  initial  steep 
section  (see  Table  2).  With  polyesters  containing  aromatic  com* 
ponents  also  the  final  value  of  the  polymerization  was  found  to 
be  essentially  higher  than  with  aliphatic  components. 
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For  the  sake  of  descriptiveness,  a comparison  is  given  of  the 
molecular  chains  of  ethylene  glycols  fumarate  and  ethylene 
glycols  maleate. 

Fig.  4 shows  a representation  of  the  moleculemodel  of  two 
stereo  — isomer  polyesters  The  fumarate  chain  is  straight,  while 
that  of  maleate  is  hent  (Fig.  4).  Consequently,  the  trans  — mo- 
dification must  be  more  stable  energetically.  The  intramolecular 
strain  of  the  polyester  molecules  increases  when  the  benzene  ring 
is  built  into  the  orthoposition  (isophtalic  acid). 

The  isomerization  has  been  represented  as  a function  of  the' 
average  molecular  weight.  With  regard  to  the  molecular  weights 
the  polycondensates  are  found  to  be  inhomogeneous.  Since  the 
distribution  of  molecular  weights  in  the  investigated  polyesters 
is  unknown,  it  has  not  been  possible  to  prove  exactly  which  part 
of  the  cis  — trans  modification  is  belonging  to  the  determined, 
condensation  degree. 

The  character  of  the  initial  section  of  the  graph  may  presum- 
baly  be  due  to  the  inhomogeneity  in  the  molecular  weights.  Comp- 
lementary investigations  on  this  subject  are  in  progress. 
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ABTope({)epaT 

MsBecTHO,  UTO  MajiCMHOBaa  Kncjioxa  nacrnuHO  mjih  iiojihoctbk)' 
npeBpam,aeTCH  b ^yMapoByio  KHCJioxy  mm  ee  a^np  npn  3TepH(|)E[- 
KaRHH.  3to  HBJieHHe  HMeer  bojitmoe  npaKTnnecKoe  aHanenne, 
ocoOeuHo  AJiH  HenacBinieHHLix  nojiH3(J)HpOB,  b cbh3h  c ph^om  cbohctb 
MaJiennaTa,  b nacxHoCTH  ero  peanRHonuon  cnocoSnocxtio  npn  co- 
nojiHMepHsaifHn,  xan  nan  on  Be;^ex  ce6n  oxjinnno  ox  (j)yMapaxa. 
Bjinanne  MiioroancjieHHBix  (|)aKxopoB,  CBaaannHx  c 3xhm  aBJienneM, 
enj,e  ne  ocnemeno.  B ;n;oKJiaAe  nsjiaraexca  nccae^OBanne,  b ko- 
xopoM  npn  npuMeuermn  rjmKOJieii  pasJiHHHoro  cxpoeiina  (MOJie- 
KyjiapnoH  cxpyKxypti)  6i>ijia  onpe^ejiena  cxenenn  BJinanna  rjin- 
KOJieii  na  nsoMepnsaRHK). 

Mexofl  nccae/^OBanna  Obiji  caeflyiomnn:  MaaennoBBin  aurnflpnfl 
KOHfleHcnpoBaJiM  b pacnjiaae  c paaJinaHHMH  rjiHKOJiaMH.  B xo;:i;e 
noJinKOHji,eiicaiiHii  oxSnpajin  npodti  n onpeAeaajiii  coAepmanne- 
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MaJieiiHaTa  ii  ^yMapaxa.  MccjieAOBaHMH  iipoBO^HjiHCt  noraporpa- 
$M4ecKH  nocjie  OMbiJieHHH  iia  xojioji,y. 

B noJiHKOH^eHcau,MM  6hjih  npaMeHeiibi  cjiG^yioiuHe  rjiHKOJiii: 

1)  3TMJieHrjiiiKOJib,  2)  l,2-npom'iJieHrjiH;KOJib,  3)  l,3-6yTHJieH~ 
rJIHKOJIb,  4)  AH3THJieHrJIHKOJIb. 

ycTanoBJieHO,  bto  saMeTHoe  bjthbhhg  na  HBOMepHsai^Hio  oKa- 
abiBaei  CTpyKxypa  rjiHKOJieM  h A*JiHTejibHOCTb  noJiHKOH;i,eHcan,HH, 
a TaK>Ke  MOJieKyjiapHbiH  bgc  noJina^iipoB,  KorAa  ncnojibsyiOTCH 
OAHHaKOBbie  tjihkojih.  Kor^a  CTenenb  HSOMepnaapHH  (kojihbgctbo 
(J)yMapoBOH  KHCJiOTbi  B npopeBTax)  6biJia  npeACxaBJieHa,  kbk  ^JyHK- 
B,HH  MOJieKyjiapHoro  Beca,  6biJin  nojiyHenbi  KpHBbie,  KoxopHe 
iiocjie  nepBOnaaaJibHoro  noji,x>eMa  nepexoj],RT  b ropnsoHxajibHbie 
jiBHWM.  SiiaaeHHH  op^HHaxbi  Bcerj^a  nocxoHHHbi  npn  pasJiwBHOM 
npoMGHxe  (J)yMapoBOH  khcjioxbi;  yroji  iiaKJiOHa  KpMBbix  MGHaexca 
B aaBHCHMOCXH  ox  npHMeHHGMblX  rJIHKOJlGH. 

CpaBPlGHItG  BHCJia  CBH3GM  B I^GHH  B npHMGHHeMbTX  IVIHKOJIHX 
(AJIHHa  Ij;GnM)  H MX  CXGpGOMOAH(|)HKapHH  C HSOMGpnayiOmHM  3(|)(J)eK“- 
xoM  noKaabiBacx,  axo  b 3xom  cjiyaae  na  noraMcpHsai^irio  bjibbiot 
cxepeoxHMHMGCKHe  $aKxopbi.  Hgm  6ojiee  «ni[0XHa»  nojiH3(j)Hp- 
naa  nenb,  xgm  cnjibHCG  H30MepH3ai];Ha.  B Hacxoaiij,GM  cjiyaae 
«njioxptGCxb»  noJiH3$npoB  onpe^GJiajiacb  cocxaBOM  h KOH(j)Hrypa- 
Uneii  rjiHKOJiGH.  HanAGHO,  axo  HaH6ojibmaa  naoMepasanHa  nponc- 
xoAHT  npH  Mcnojib30BaHHH  1,2-nponHJiGHrjiHKOJia,  a uaHMeab- 
maa  — c A^STajiGHranKOJiGM. 

CxGpGOXHMHaGCKOG  XOJIKOBaBHe  6bIJIO  noATBep>KAeHo  xaK>Ke 
npn  npHMGHGHHH  COGAHHGHHH  C ^GHHJIbHMM  a^pOM  ((j[)xaJIGBbrH 
apirHApHA);  6biJin  nojiyaenbi  CMGmaHPibPG  a^apbi  (nanpaMep,  6y- 
THJieHrjiHKOjrb  — MajreiiHax^xajiax).  B cooxbgxcxbhh  c BamiiMH 
HCcaeAOBaHHaMH  HaflAGHo,  axo  co  CMemaHHbiMH  3(J)H;paMH,  coAep- 
>Kaiij;HMa  opxo-{j)TaJiax,  HBOMepHaapaa  MajiGHHaxa  b (j)yMapax  npoaB- 
Jiaexca  bo  bcgx  cjiyaaax  SoJibiue,  aeM  npa  nojiyaepjiPH  aacxbix. 

3^ap0B  MaJIGHHOBOil  KHCJIOXbT. 


Resume 

On  salt  qiiG  Tacide  maleique  se  transforme  partiellement  et 
completement  en  acide  fumariqiie  ou  son  ester  par  resteriflcation.. 
Ce  phenomene  a une  grande  portee  pratique  surtout  pour  les  poly- 
esters insatures  a 1’ occasion  des  proprietes  de  maleate,  notam- 
ment  sa  reactivite  pendant  la  copolymerisation  car  sa  conduite 
est  differente  de  celle  de  fumarate.  L’ influence  de  nombreux 
facteiirs  lies  a ce  phenomene  n’a  pas  ete  encore  eclaircie. 
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On  expose  dans  le  rapport  une  etude,  dans  laguelle  par  remp- 
loi  des  glycols  de  structure  differente  (structure  moleculaire) 
a ete  determine  le  degre  d’influence  des  glycols  sur  risomeri- 
sation. 

La  methode  d’etude  a ete  la  suivante:  on  condensait  T anhyd- 
ride maleique  dans  la  fusion  avec  divers  glycols.  Au  cours  de 
polycondensation  on  selectait^  les  echantillons  et  determinait 
la  teneur  en  maleate  et  en  fumarate.  Les  recherches  se  rea- 
lisaient  d’une  fagon  polarographique  apres  la  saponification 
a froid. 

Pour  la  polycondensation  ont  ete  appliques  les  glycols  sui- 
vants: 

1)  Ethyleneglycol;  2)  1,2-propyleneglycol;  3)  l,3-butyleiie~ 
glycol;  4)  Diethyleneglycol. 

On  a etabli  que  la  structure  des  glycols  et  la  duree  de  poly- 
condensation aussi  que  le  poids  moleculaire  des  polyesters,  quand 
•on  utilise  les  glycols  identiques,  exercent  une  influence  consi- 
derable sur  I’isomerisation.  Dans  le  cas,  ou  le  degre  d’isomerisa- 
tion  (quantite  d’acide  fumarique,  %)  a ete  presente  comme  fon- 
ction  du  poids  moleculaire  on  a obtenu  les  courbes  qui  apres 
Lessor  initial  passent  en  ligne  horisontales.  Les  valeurs  de  I’or- 
donnee  a diverse  concentration  d’acide  fumarique  sont  toujours 
■constantes;  Langle  d’inclinaison  des  courbes  change  suivant  les 
glycols  utilises. 

La  cpmparaison  du  nombre  de  liaisons  dans  la  chaine  des 
‘glycols  utilises  (longueur  de  chaine)  et  de  leur  stereomodification 
avec  Peffect  isomerisant  montre  que  dans  ce  cas  la  polymerisa- 
tion est  conditionnee  par  les  facteurs  stereochimiques.  L’isomeri- 
‘sation  est  d’autant  plus  forte  que  la  chaine  polyesteree  est  plus 
«dense».  . 

La  figure  ci-dessous  montre  que  la  plus  grande  isomerisation 
rs’effectue  dans  le  cas  d’utilisation  de  1,2  propyleneglycol  et 
:1a  moindre  — avec  le  . diethyleneglycoL 

L’explication  stereochimique  a ete  egalement  confirmt^e  dans 
'Putilisation  des  composes  portant  radicaux  de  phenyl  (anhydride 
phtalique);  les  esters  mixtes  ont  ete  obtenus  (par  example,  buty- 
leneglycol  — maleate-phtalate).  Conformement  a nos  etudes  on 
.a  trouve  qu’avecj  les  esters  mixtes,  contenant  I’o-phtalate  I’iso- 
merisation  de  maleate  en  f-umarate  se  fait  sentir  dans  touts  les 
-cas  davantage  que  pendant  Pobtention  des  esters  pures  d’acide 
^maleique.  Ci-dessous  on  donne  I’explication  quantitative  pour 
lies  graphiques  obtenues. 
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KINETICS  OF  THE  POLYCONDENSATION 
OF  DIMETHYLSILANEDIOL 

Z.  hasocUi,  S.  Chrzeaonowicz 
(Poland) 


Dimethylsilanediol  is  known  to  condense  readily  yielding 
a mixture  of  linear  and  cyclic  dimethylpolysiloxanes.  In  fact 
dimethylsilanediol  is  extremely  sensitive  to  traces  of  acids  and 
bases  and  to  heating,  all  these  factors  promoting  its  rapid  poly- 
condensation. No  data  concerning  the  rates  of  this  reaction  have 
been  presented  as  yet,  possibly  because  of  the  difficulty  in  hand- 
ling the  monomer  and  keeping  it  in  a pure  condition. 

Andrianov  [1]  was  first  to  undertake  a coherent  presentation 
of  the  reactions  occuring  in  the  process  of  formation  of  polysilo- 
xanes  from  the  so  called  «silicone  monomers))  i.  e.  organohalosi- 
lanes,  organoalkoxysilanes  etc.  It  is  now  commonly  believed  that 
silanols  are  formed  by  hydrolysis  of  the  monomers  and  that  they 
undergo  in  the  next  stage  an  intermolecular  condensation 
which  results  in  the  formation  of  siloxane  bonds:  e.  g.  first  step 
of  polycondensation: 

CH3  CHs  CH3  CHg  . 

HO  - Si- OH  + HO—  Si  — OH HO— Si  — 0-  Si  — OH  + HjO 

I I II 

CH3  CH3  CH3  CH3 

(dimethylsilanediol)  (tetramethyldisiloxanediol) 

overall  process: 

71  (GH3)2  Si  (0H)2  ->  HO[(CH3)a  SiO]„  H + (ti  — 1)  HaO 

A number  of  silanediols  and  among  them  dimethylsilanediol 
[2],  were  prepared  in  recent  years  and  they  were  polymerized  to 
polysiloxanes.  This  process  is  believed  to  be  a simple  stepwise 
polycondensation  and  it  has  been  even  quoted  as  a type  of  poly- 
condensatlon  occuring  between  identical  groups  (e.  g.  see  Bur- 
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nett  G.  M.,  «Mechanism  of  Polymer  React! oiJS»  Iiitersc.  Publ. 
Inc..  New  York,  1954,  p.  451  «The  Dimethylsilaiiediol  Type»). 
On  the  other  hand  Andrianqy  [3]  put  forward  some  evidence  that 
in  certain  conditions  an  addition  polymerization  can  as  well 
be  involved. 

It  is  the  purpose  of  the  present  communication  to  describe 
results  of  some  preliminary  measurements  of  the  rates  of  the  po-’ 
ly condensation  reaction  of  dimethylsilanediol.  Further  experi- 
ments .are  in  progress  and  no  final  conclusions  concerning  the 
overall  rates  and  naechanisms  can  be  reached  at  this  stage. 

The  condensation  of  dimethylsilanediol  (DS-ol)  was  carried 
out  at  25°  in  dioxane  with  HCl  as  catalyst  and  in  methanol  in  the 
presence  of  HCl,  NaOH  and  KOH.  In  addition  the  rates  of  con- 
densation of  tetramethyldisiloxanediol  (TS-ol)  were  investigated 
at  25°  in  dioxane  in  the  presence  of  HCl. 

The  reaction  was  followed  by  using  Grubbs  technique  of  ti- 
tration of  silanol  and  water  with  the  Karl  Fischer  reagent  f.4]. 
In  separate  experiments  the  composition  of  the  product  was 
determined  by  fractional,  distillation. 

Results 

The  polycondeiisation  in  dioxane  in  the  presence  of  HCl  goes 
practically  to  completion.  The  reverse  reaction  i.  e.  hydrolysis 
of  siloxane  bonds  does  not  occur  in  these  conditions.  Cyclic  di- 
methylpolysiloxanes  were  used  as  a- source  of  siloxane  bonds,  to 
be  hydrolyzed.  These  compounds  were  also  found  to  he  the  prin- 
cipal products  of  the  acid-catalyzed  polycondensation  of  DS-ol 
in  dioxane.  < 

Two  stages  of  the  reaction,- differing  markedly  in  rate,  were- 
■observed.  The  reaction  gives  good  second  order  kinetics  in  SiOH 
up  to  30 — 40.%  completion.  The  second  order  rate  constant  for 
this  stage  was  evaluated  from  the  slope  of  the  straight  line  repre- 
senting the  relation  between  reciprocal  concentration  of  SiOH  vs. 
time  (fig.  1)  and  from  the  initial  rates  of  reaction  at  different 
initial  concentrations  of  monomer  and  catalyst. 

Small  amounts  of  water  must  be  present  in  the  system  at  the 
beginning  of  the  reaction,  otherwise  the  condensation  shows 
a slight  induction  period  and  neither  the  order  nor  the  rate  con- 
stant can  be  estimated  with  the  desired  accuracy.  The  effect  of 
added  water  will  be  discussed  further. 

We  believe  that  the  first  stage  of  the  polycondensation  corre- 
sponds to  the  reactions  in  which  molecules  of  the  monomeric 
silanediol  take  part.  When  they  have  been  all  used  -up  (or  nearly 
so)  the  reaction  does  no  longer  comply  with  a simple  kinetic  law 
and  it  goes  on  to  completion  at  a much  slower  rate.  The  latter 
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//fSiOHJ 


t mm 


Fig.  1.  Condensation  of  DS-ol  in  Dioxane.  Catalyst  MCI,  temp.  25°. 
Concentration  in  moles jl  (DS-ol:  HCl : H2O) 

1 — ^OVA-:  2,1510-»  : 0,08;  2 — 0,2  : 2.15-10-3  ; 0,08;  3 — 0,1  : 2,15-10“3  ; 0,08; 

- 0.1  : 4,30-10-®  : 0,08;  5 - 0,1  ; 8,65-10-3  . o,08 


//(SlOHJ 


Fig.  2.  Condensation  of  TS-ol  in  Dioxane.  Catalyst  HCl,.'  temp.  ? 25° 
Concentration  in  molesjl  (TS-ol  : HCl : H2O) 

1 — 0,300  : 3-10-3  : 0,15;  2 — 0,200  : 3-10-»  : 0,15;  3 — 0,150  : 3-10-*  ; 0,15; 

4 — 0.150  : 610-3  : 0,15;  5 - 0,150  : 12-10-*  : 0,15 
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effect  can  be  ascribed  to  a lower  chemical  activity  of  the  OHI 

\ . 

groups  belonging  to  siloxane  molecules  ® QH- 

\ 

as  compared  with  the  silane  molecules  H — 0 Si  QH.  Evi— 

/ 

dently  the  inductive  effect  of  another  OH  group  should  he  larger 

flzO 


O.Zi  0]5  0J 


Fig.  3.  Condensation  of  TS-ol  in  Dioxane.  Catalyst  HCl,  temp.  25°i 
Concentration  — see  fig.  2,  curves  2,  5. 


thanthatof  a ^Si— O—  group  making  the  underlined  OH  group  in* 

the  monomer  molecule  more  reactive. 

Tetramethyldisiloxanediol  was  known  before  [5]  to  show* 
a better  stability  towards  condensing  agents  than  does  the  mono- 
meric diol.  An  attempt  to  determine  the  rates  of  the  acid-cataly- 
zed condensation  of  TS-ol  in  dioxane. proved  that  relatively  high 
concentrations  of  catalyst  (10"^  moles  HCl/1)  must  be  added  in 
order  to  make  the  rates  measurable.  The  reaction  showed  in  these- 
conditions  a pronounced  induction  period  that  could  be  supres- 
sed  only  by  introducing  at  least  0,15  moles/1  water  into  the  sy- 
stem before  starting  the  reaction.  Second  order  kinetics  in  silanol 
were  found  at  the  initial  stage  (fig.  2)  and  the  rate  constant  was- 
calculated  from  initial  rates. 
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table 


Rates  of  Polycondensation  of  Dimethylsilanediol  (DS-ol)  and  Tetramethyldisiloxanediol  (TS-ol) 

temp=25°  ±0,05° 


Monomer 


Solvent 


Catalyst 


Specific  rate  constant 


Calculated  from 


Units 


Value 


Extent  of 
[reaction,  % 


Range  of  concentrations  investi- 
gated, moies/1 


Monomer 


Catalyst 


DS-ol 

Dioxane  ^ 

HCl 

A:=SiOH^l— 

SiOHri 

L2 

1 

mol. min 

19 

25—40 

0,05-0,6 

0,8-10-^— 9-10-^ 

TS-ol 

Dioxane  ^ 

HCl 

t2 — tl 

» 

» 

0,58 

20—30 

0,05—0,3 

0,3*10-2— 12.10-“ 

DS-ol 

Methanol 

HCl 

—v 

22 

30 40^ 

0,07—0,6 

4-10-‘— 40  10-’ 

A— B 

moP.min 

DS-ol 

Methanol 

iNfaON 

logSiOH 

1 

11,0 

20— 30^ 

0,07—0,4 

1.10-5— 10- 10-® 

k=  ^ 

min 

DS-ol 

Methanol 

KOH 

» 

» 

10,8 

20—30 

0,07—0,2 

1.10-5— 10- 10-5 

» 0,08  moles/l  HjO  added 
*0,15.  moles/l  H2O  added. 
d Si  OH 


9 V = — ■ 


dt . 


; AB=  j^^SiOCH,  j*H20-lC  j^^SiOSI^  . =0.056 


* 100%  = I^^SIOh  J reacted  at  equiiibrium. 
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The  condensation  does  not  however  proceed  at  the  calculated 
rates  further-  than  about  20%  completion.  In  later  stages  the 
rates  are  larger  than  calculated  and  this  effect  is  the  more  pronoun- 
ced, the  larger  was  the  initial  concentration  of  the  siloxanediol. 
Since  this  result  is  equivalent  to  stating  that  there  is  a more  con- 
siderable increase  in  rate  in  the  presence  of  higher  water  concen- 
trations, we  conclude  that  the  failure  of  the  condensation  of  TS-ol 
in  dioxane  to-^  comply  wholly  with  a second  order  mechanism  is- 
due  to  the  effect  of  water  formed  on  the  catalytic  activity  of  the- 
mineral  acid.  From  concentration  of  SiOH  vs.  time  curves  pre- 
sented in  fig.  3.  it  is  seen  that  for  the  same  concentration  of  SiOH 
the  slopes  are  the  larger,  the  larger  was  the  initial  concentration, 
of  SiOH.  Concentrations  of  formed  water  are  shown  on  the  rio'ht- 
band  ordinate  axis  by  way  of  illustration  of  the  above  effect. 

The  effect  of  water  formed  is  not  so  much  disturbing,  at  low 
concentrations  of  acid  e.  g.  those  that  have  been  used  to  catalyze- 
the  condensation  of  DS-ol  (see  table).  It  is  probable  that  the  ca- 
talytic activity  of  HCl  in  the  polycondensation  reactions  of  silane- 
diols  in  dioxane  is  dependent  on  the  hydrogen  ion  concentration 
or  some  other  acidity  function  which  changes  with  changing  water 
concentration  in  dioxane  (see:  Braude  E.  A.,  Stern  E.  S.,  J.  Ghem. 
Soc.  1976,  1948,  and  also:  Paul  M.  A.,  Long -F..  A.,  Chem.. 
Reviews,  57,  footnote  to  page  29, 1957)..This  change  would  be  more- 
strongly  marked  at  higher  acid  concentrations. 

The  polycondensation  of  TS-ol  goes  to  completion  and  the  prin- 
cipal products  are  the  cyclic  tetramer  and  hexamer.  No  cycles- 
containing  an  odd  number  of  silicon  atoms  have:  been  found. 

The  rates  of  both  DS-ol  and  TS-ol  condensations  were  found- 
to  be  first  order  in  catalyst  (fig.  1 and  2). 

In  methanol  the  condensation  of  DS-ol  reaches  an  equilibrium. 
The.  same  equilibrium  position  is  attained  when  a polysiloxane: 
e.  g.  octamethylcyclotetrasiloxane  is  hydrolyzed  with  water  in 
the  presence  of  acids  and  bases.  The  nature  of  the  equilibrium  is 
the  same  as  that  found  by  Grubb  [4]  to  be  reached  in  a one-step^ 
condensation  of  a monosilanol  in  alcoholic  solvents  and  it  was, 
investigated  by  making  a similar  series  of  experiments. 
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This  equilihrium,  however,  is  not  .attained  ill  a straightfor- 
ward way  as  it  is  in  the  case  of  monosilanol  condensation  and  the 
reaction  follows  at  first  different  routes  in  the  presecnce  of  acidi 
and  basic  catalysts. 

The  initial  rates  of  the  acid-catalyzed  process  are  proportio- 


Fig.  4.  Condensation  of  DS-ol  in  Methanol. 
c/[SiOH] 


dt 


^SiOCHaj^lHsO]  -Ky 


Catalyst  HCl 

SiOSi  ^ 
,\j 


temp.  25 
) : /Ci:=0; 


056 


Concentration  in  moles/l  (DS-ol  : HCl)  1 — 0,3000  ; 4,95-10^^;  2 — 0,152  : 4,95*10- 
3-0,215  : 4,95- 10-*;  4 — 0,215:9,90.10-*;  5-0,215:19,70-10-* 


nal  to  the  product  [^SiOCHsl^IHaO]  [Catalyst].  Consequently 

the  reaction  complies  with  a kinetic  law  of  a similar  form  to  that 
proposed  by  Grubb  [4]  for  the  monosilanol  condensation,  i.  e. 


SiOH 


dt 


= /^([^SiOCHaPiHaOl 


K 


?SiOSi^ 


.The  argeement  with  the  above  equation  holds,  however,  only  to 
about  30%  SiOH  reacted  i.  e.  to  a little  less  than  half  way  to 
equilibrium  (fig.  4).  At  later  stages  the  reaction  slows  down  mar- 
kedly which  can  be  due  to  the  lower  reactivity  of  hydroxyls  belon- 
ging to  siloxane  molecules  as  in  the  case  of  condensation  in  dio- 
xane. 


Unlike  the  monosilanol  condensation  [4]  the  polycondensation 
of  DS-ol  in  the  presence  of  bases  gives  initially iirst  order  kinetics 
(fig.  5.).  We  believe  that  the  ultimate  reason  foi^  this  result  can  be 
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sought  in  the  relatively  high  acidity  of  dimethylsilanediol. 
In  separate  experiments  various  amounts  of  NaOH  or  KOH 
were  added  to  solutions  of  DS-ol  in  methanol  and  the  solution 
was  immediately  titrated  with  the  Karl  Fischer  reagent.  Only 
the  amount  of  water  equivalent  to  the  silanol  present  could  he 

loglSinH) 


Fig,  5.  Condensation  of  DS-ol  in  Methanol.  Catalyst  NaON  or  KOH, 

temp,  25® 

Concentration  in  molesfl  (DS-ol  : NaOH  or  KOH)  i - 0,300  : M0-»;  [2  - 0,148  : 
. 1.10-8;  3- 0,148  :M0“>-1-(CH,)2  Si  (0CH3)2  0,150;  4 - 0,148  : 2-10->  [KOH]). 


determined  by  titration.  Since  both  ^SiOH  and  NaOH  react  with 
the  Fischer  reagent,  this  can  only  mean  that  the  protolysis  of 
^SiOH 

^SiOH'+OH-^^SiO-d-HsO' 

was  complete  at  the  time  of  titration,  i.  e.  as  soon  as  the  base 
has  been  added. 

, Assuming  that  the  condensation  proceeds  at  first  by  an  attack 
of  the  silanolate  anion  on  a silanol  molecule: 
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and  putting  the  concentration  of  anion  equal  to  that  of  added  base, 
the  initial  rate  should  be  proportional  to  the  concentration  of  si- 
landl  ' and  catalyst  which  was  found  to  be  the  case. 

At  later  stages  the  course  of  the  reaction  is  complicated  by 
the  participation  of  other  reactions,  such  as: 

1)  Methanolysis  of  silanol  leads  to  formation  of  methoxysila- 
nes  and  siloxanes.  These  can  also  react  with  the  silanolate  ion 
yielding  siloxane  linkages  and  OCH^.  Their  reactivity  towards 
silanolate  ion  is,  however,  less  than  that  of  dimethylsilanediol 
which  could  have  been  shown  by  adding  dimethyldimethoxysi- 
lane  to  the  system  before  starting  the  reaction  and  then  measuring 
the  initial  rate  (fig.  5).  The  effect  of  added  methoxysilane  oh  the 
rate  of  reaction  was  much  less  than  proportional  and  increased 
only  as  the  reaction  proceeded. 

2)  Siloxanediols  are  weaker  acids  than  are  silanediols  (as 
discussed  previously).  Their  protolysis  leads  probably  to  an 
.equilibrium  and  that  would  obviously  change  the  order  of  reaction. 

3)  The  reverse  reaction  — hydrolysis  of  siloxane  linkages  — 
sets  in  and  can  be  no  longer  neglected. 

The  final  equilibrium  position  is  the  same  as  in  the  acid- 
catalyzed  reaction.  NaOH  and  KOH  were  found  to  be  equally 
active  catalysts  (fig.  5). 

In  the  table  the  specific  rate  constants  calculated  for  the  early 
stages  of  all  the  above  polycondensations  are  listed. 

Finally  we  should  point  out  to  the  fact  that  the.  initiah rates 
of  the  DS-ol  condensation  in  methanol  are  about  the  same  in  the 
presence  of  acidic  and  basic  catalysts  at  the  concentrations  stu- 
died, wheras  Grubb  [4]  reported  in  the  case  of  trimethylsilahol 
condensation  in  methanol  rates  about  500  times  larger  for  the 
acid-catalyzed  reaction  than  for  the  base-catalyzed.'  Our 
result  seems  to  be  a good  explanation  of  the  exeptional  unsta- 
bility of  dimethylsilanediol  towards  slight  deviations  from,  stri- 
ctly neutral  conditions  e.  g.  the  condensing  effect  of  laboratory 
glass.  Trialkylsilanols  are  known  to  be  much  more  stable  in  this 
respect.  The  reason  for  this  effect  can  be  found  probably  in 
the  higher  acidity  of  silanediols  as  compared  with  triorgano-substi- 
tuted  silanols,  which  is  easy  to  explain  on  electronic  strutural 
grounds. 
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ABTope4)epaT 

HsBecTHo,  HTO  JierKo  KOH/i;eHCE[pyeTCH 

C oSpaaOBaHHeM  CMCCH  JIHHeHHtlX  H H,HKJIHHeCKHX  nOJIHCHJIOKCaHOB. 
Hs-sa  xexHOTecKoro  > sHaHeHHH  ' nojiHCHJiOKcaHOB  XHMSHecKHe 
npoiieccM,  BGAymae  k hx  o6pa30BaHHH),  BiisLiBaiOT  Sojildioh  shtg- 
PGC.  BoJILmHHCTBO  ^yHAaMGHXaJILHLIX  HCCJIGAOBaHHH  HO  MGXaHH3- 
My  HasBaHHHx  npoB,GCCOB  npHHaAJiG?Kax  bikojig  AHApnanoBa. 
PGakllHH  nOJIHMGpH3aU.HH:  C o6pa30BaHIieM  BHCOKOMOJIGKyjiapHHX 
CHJIHKOHOB  ,6hjIH  HOAPoShO  H3yHGHLI  H OHpGAeJIGHH  HX  MGXaHHSM 
H KHHGXHKa.  QAHaKO  HGX  AaHHtlX  OXHOCHXGJILHO  CKOpOCXH  HOJIH- 
kOHABHCaAHH  A^MGXHJICHJiaHAHOJia,  B03M0JKH0  BCJIGACXBHG  OnpG- 
AGJIGHHHX  xpyAHOCXGH  B nOJiyu;GHHH  axoro  MOHOMGpa  H COXpaHGHHH 
pro  B ^HCXOM  BHA6. 

B HacxoHin,GM  aohjibag  onncaHH  pGsyjiBxaxLi  hgmgpghhh  cko- 
POCXH  nOJIHKOHAGHCaH.HH  AHMGXHJICHJTaHAHOJia  B AHOKCaHG  H MG- 
XaHOJIG.  Bh^H  HCn0JIL30BaHM  KHCJIHG  H QCHOBHHG  KaxaJIHSaxOpBI. 
BtiJia-  npHMGHGHa  xGXHHKa.  nGpHOAH^ecKoro  ohpgagjighhh  CHJiaHO- 
jia  H boah  no  rpa66y  c xHxpoBaHHGM  no  Onmopy. 

^ B p6oHx  pacxBopnxGJiHX  .Mon{Ho  6hjio  naSjiiOAaxB  abg  cxynonn 
pGaKIlHH,  -SaMGXHO  QTJIHnaiOniHGCfl  no  CKOpOCXH.  EopBaH,  6ticxpo 
npoxGKaiomaH  cxynGHb  npGHMymGCXBGHno  cooxBGxcxByGx  pGan- 
HHH,  B-KpXOpOH  npHHHMaiOX  yBaCXHG  MOJIGKyjILI  MOHOMGpa  CHJian- 
AHOJia;  riocjiG  xoro,  nan  npHMGpno  nojiOBnna  nepBOHanajiBHO 
npHcyxcxByK)m.HX  rpynn  CHjianojia  npopGarnpyGx,  KOHAGHcaAHfl 
HAGX  CO  sna^HXGJibHo  MGHbmGH  cKopocxbK).  3x0  npHnncwBaexcn 
6oJIGG  HH3KOH  XHMHHGCKOH  aKTHBHOCXH  rpynn  OH  B nOJIHCHJIOKCa- 
HopHx  Monekyjiax.  Ha  caMOM  a^jig,  xGxpaMGxnjiAncHJioKcanAnoji 
XOH  3KG  MOJIHpHOH  KOHI];eHXpaH|B[H,  KaK  II  MOHOMGp,  B npHCyXCXBHH 
xaKoro  >KG  KpJiH^GCTBa  KaxajiHsaxopa  KonAGHcnpyGxcH  c ropaaAO 
MGHBmGH  CKOjpoCXBH). 

nOJIHKOHAGHCaAHH  B A^OKCaHG  HpaKXHHGCKH  nOJIHOCXLK)  3a- 
BGpmaGxcH.  B MoxanojiG  ona  npHBOAHx  k paBHOBGCHio.  06paxHaH 
pGaKAHH  — rHApOJIH3  CHJIOKCanOBHX  CBH3GH  HG  HAGX  B A^OKCanG, 
xorAa  Kan  b*  MGxanojie  OHa  AaGx  tg  me  paBHOBGCHLiG  KOHiienxpa- 
•ij;HH,  KaK  H B npGAHAyiAGH  peaKAHH. 

Ckopocxb  nGpBOH  cxynGHH  nojinKOHAGHcaniHH.  b A^OKcanG  cjig- 
Ayex  npHMGpno  no  BXopoMy  nopHAKy  (no  CHJianojiy).  Hgkoxo- 

.pHG  OTKJIOHGHHH  MOryX  6LIXb  npHnHCaHH  BJIHflHHH)  H3MGHGHHH  B 

» . ■ ■ 
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Cpefle  H3-3a  KaxaJIHTHHeCKOH  aKXHBHOCTH  KHCJIOXH.  9x0  BJIHHHHe  Ha- 
pymaex  KHHexH^ecKn  npocxofi  xoa  peaKiiiHH  h ein;e  peane  3aMexHa 
Ha  BxopoH,  6ojiee  mg^jighhoh,  cxyneHH  KOH;i;eHcau;HH.  CKopocxn 
nojiHKOHAeHcai^HH  TexpaMexHji;i;HCHJioKcaHflHOJia  HMeiOT  onpeAe- 
jieHHHH  HHAyKAHOHHHH  HepHOA.  Akxhbhocxb  KaxajiH3axdpa  no- 
cxeneHHO  yBejiHHHBaexca  c yBejiUHenneM  coAepntaHHH  boau  b ch- 
cxGMe.  rioaxoMy  b AannoM  cjiynae  Hex  npocxoH  KHHexHHecKOH  nap- 
xhhh. 

npOAyKXH  HOJIHKOHAeHCaAHH  6HJIH  HSyneHH  B OTAeJIBHMX  OHH- 

xax.  HaHA^HO,  hxo  ochobhhmh  npoAyKxaMH  6bijih  Ben^ecxBa,  co- 
AepHcamne  8-,  10-  h 12-HjieHHHe  CHJioKcaHOBHe  KOJitAa.  He6ojib- 

moe  KOJIHHeCXBO  JIHHGHHHX  COeAHHGHHH  xaKJKG  npHCyxCTBOBaJIO. 

B npoAyKxax  KOHAGHcaAEH  ahmgphoxo  jjjiojia.  Sbijih  nanAGHH  xojib- 

KO  KOJIbAa  C HGXHHM  HHCJIOM  HJIGHOB. 

B MGxanojiG  b npncyxcxBHH  khcjibex  KaxajiHsaxopoB  nanajib- 
Han  CKopocxb  6Hjia  Sojilhig,  hgm  b AHOKcanG.  HafiAGHO,  hxo  paB- 
HOBGCHG  anajiorHHHO  no  cbogh  npnpoAG  paBHOBGcnio,  AOCxnrHyxoMy 
rpa66oM  npn  kohaghcbahh  MOHocnjianojia  b cnnpxG.  CKopocxH 
nopBOH  cxynGHH  xaKjKG  yKaauBaiox  na  xoa  peaKAnn,  aHaJiornH- 

HbiH  ajih  cjiynaB  MOHOCHjiaHOJiOB,  X,  G,  Ha  pGmaK)n],ee  ananGHHe 
MGXaHOJia  H MGXOKCHCHJiaHOB  B npOHCXOAHHI,HX  pGaKAHHX..  KoH- 
AGHcaAHH  MGxoKcncHjiaHOBOH  rpynnbi  c CHJiaHOJiOBon  rpynnoH 
HBJIHGXCfl  CXaAHGH,  OUpGAOJIHIOIAGH  CKOpOCXb.  IIoaxOMy  KHHGXHKa 
nOJIHKOHAGHCaAHH  COOXBGXCXByGX  xpGXbGMy  nopHAKy,  HXO  xapaK- 
XGpHO  AJIH  6ojIbmHHCXBa  HSyHGHHblX  KOHAGHXpaAHH. 

yCXaHOBJIGHO,  HXO  lAeJIOHH  HBJIHIOXCH  60JIGG  aKXHBHLIMH  Ka- 
xaJIH3axOpaMH  nOJIHKOHAGHCaAHH  AStMGXHHCHJiaHAHOJia  B MGXaHO- 
JIG.  nOJIOH<GHHG  paBHOBGCHH  HpHMGpHO  OAHHaKOBOG,  KaK  HpH 
npHMGHGHHH  B KaHGCXBG  KaxaJIHSaxOpOB  KHCJIOX,  XBK  H OCHOBaHHH. 
OAHaKO  MGXaHH3M  pGaKAHH  B HpHCyxCXBHH  mGJIOHH  ApyrOH. 
MGxaHH3M  AJifl  CHJiaHOJia  hoahhhhgxch  nopBOMy  nopHAKy  b 6ojib- 
moM  AHanaaoHG  KOHAenxpaAHH. 

^GxajiH  aKcnapHMGHxa,  hhcjighhug  a^hhug  (KOHCxanxH  cko- 
pOCXH  H paBHOBGCHH)  H npGAJIOH^GHHHG  MGXaHH3MbI  npGACXaBJIGHW 
B AOKjiaAe. 


Resum 

On  sait  que  1g  dimethylsilanGdiol  est  facilGment  condGnse 
Gn  formant  un  melange  dos  polysiloxanes  lineairGs  Gt  cycli- 
quGs. 

A cause  de  rimportance  technique  des  polysiloxanes  les  pro- 
cedfe  chimiques,  qui  assurent  leur  formation,  suscitent  un  grand 
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interet.  La  plupart  des  recherches  fondamentales  sur  le  meca- 
nisme  de  ces  precedes  apartiennent  a I’ecole  Andrianov.  Les 
reactions  de  polymerisation,  suivies  par  la  formation  des  silico- 
nes a haut  poids  moleculaire,  ont  ete  etudiees  en  detail;  on  a de- 
termine leurs  mecanisme  et  cinetique.  Cependant  il  n’y  a pas  de 
►donnees  concernant  la  vitesse  de  polycondensation  du  dimethyl-, 
silanediol  ce  qui  peut-etre  dh  a certaines  difficultes  dans  le 
-domaine  de  l-obtention  du  monomere  et  de  sa  conservation  en 
etat  pur. 

Dans  le  rapport  present  les  resultats  de  la  mesure  de  la  vitesse 
ide  polycondensation  pour  le  cas  du  dimethylsilanediol  dans  le 
dioxane  et  methanol.  Des  catalyseurs  acides  et  basiques  ont  ete 
employes.  La  technique  de  la  determination  periodique  du  silanol 
et  de  Teau  selon  Grabb  avec  le  titrage  Ficher  a ete  appliquee. 

Dans  les  deux  solvants  on  pouvait  observer  deux  stades  de 
reaction  nettement  distingues  par  leur  vitesse.  Le  premier  ay  ant 
une  grande  vitesse  correspond  principalement  a la  reaction,  ou 
prennent*  part  les  molecules  du  monomere  de  silanediol.  Apres 
I’achevement  de  la  reaction  a peu  pres  d’une  moitie  des  groupes 
initialement  presents  de  silanol,  la  vitesse  de  condensation  est 
plus  faible.  Ce  fait  est  attribue  a une  faible  reactivite  chimique 
des  groupes  OH  dans  les  molecules  de  polysiloxane.  En  effet  le 
tetramethyldisiloxanediol  de  la  meme  concentration  molaire  com- 
t me  le  monomere  en  presence  de  la  meme  quantite  de  catalyseur 
est  condense  a une  vitesse  sensiblement  plus  faible. 

La  polycondensation  dans  le  dioxane  pratiquement  est  comple- 
tement  achevee.  La  reaction  inverse  — hydrolyse  des  liaisons 
siloxaniques  ne  s’effectue  pas  dans  le  dioxane  tandis  que  dans 
le  methanol  elle  donne  les  memos  concentrations  equivalentes 
que  dans  la  reaction  precedente. 

La  vitesse  du  premier  stade  de  polycondensation  dans  le  dio- 
xane a approximativement  le  deuxieme  ordre  (pour  le  silanol). 
Quelques  deflexions  peuvent  etre  attribuees  a Tinffluence  du 
changement  dans  le  milieu  a cause  de  I’activite  catalytique 
d’acide.  Cette  influence  viole  cinetiquement  le  deroulement 
simple  de  la  reaction  et  elle  est  encore  plus  sensible  au  deuxieme 
stade  de  condensation  qui  est  plus  lente.  Les  vitesses  de  polycon- 
densation du  tetramethyldisiloxanediol  ont  une  certaine  periode 
inductrice.  L’activite  du  catalyseur  augmente  progress! vement 
.avec  Taugmentation  de  teneur  en  eau  du  systeme.  C’est  pourquoi 
en  ce  cas  il  n’y  a pas  de  simple  tableau  cinetique. 

Des  produits  de  polycondensation  ont  ete  etudies  au  cours 
des  essais  parti culiers.  On  a trouve  que  les  produits  principaux 
etaient  presentes  par  des  substances  qui  comportent  les  cycles  de 
siloxane  a 8,  10  et  12  membres.  11  y avait  egalement  une  petite 
quantite  de  composes  lineaires.  On  n’a  trouve  parmis  des  poly- 
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condensats  de  diol  dimere  que  les  cycles  avec  un  nombre  pair 
des  membres. 

Dans  le  methanol  en  presence  des  catalyseurs  acides  une  vi- 
tesse  initiale  etait  plus  grande  que  dans  le  dioxane.  On  a elablit 
que  Tequilibre  est  analogue  par  sa  nature  a Tequilibre,  obtenu 
par  Grabb  au  cours  de  la  polycondensation  de  monosilanol  dans 
I’alcooL  Les  vitesses  du  premier  stade  indiquent  aussi  au  derou- 
lement  de  la  reaction  qui  est  analogue  pour  le  cas  des  monosila- 
nols,  c’est-a-dire  a une  importance  decisive  du  methanol  et  des 
methoxysilanes  dans  les  reactions  qui  ont  lieu.  La  condensation 
du  groupe  de  metboxysilane  avec  le  groupe  de  silanol  est  le  sta- 
de, determinant  la  vitesse.  Aussi,  la  cinetique  de  polycondensa- 
tion correspondelle  au  troisieme  ordre,  ce  qui  est  typique  pour  la 
plupart  des  concentrations  etudiees. 

On  a fixe  que  les  alcalis  sont  plus  actifs  comme  catalyseurs 
de  la  polycondensation  du  dimethylsilandiol  dans  le  methanol. 
L’etat  de  Tequilibre  est  approximatiyement  identique  dans  le 
cas  de  I’emploi  en  qualite  de  catalyseurs  des  acides,  aussi  que 
dans  le  cas  des  bases.  Cependant  le  mecanisme  de  la  reaction  en 
presence  d’un  alcali  est  T autre.  Le  mecanisme  pour  le  silanol  se 
soumet  au  premier  ordre  en  large  diapason  des  concentrations. 

Les  details  de  I’experience,  lesdonnees  numeriques  (constantes 
de  vitesse  et  constantes  d’equilibre)  et  les  mecanismes  proposes 
sont  presentes  dans  1’ article  principal. 
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HCnOJIbSOBAHHE  3KCTPAn0JI>mH0HH0r0  METO;^A 
PACHETA  flAHHblX  HO  CBETOPACCEflHHK) 
AJIfl  HEnPEPbIBHOrO  HABJTK)  flEHHfl 
3A  nOJIHMEPH3AbHEH  B HACTH^AX 

U.  B p am  o X.6  u A,  n.  My  Hit,  E.  C ed  Aaneu  • 

(HexocjiOBawHfi) 


npoii.ecc  pocTa  MOJieKyjiapHoro  Beca  nacTHu,  npn  noJiHMepHsa- 
ii^HH  onpeji,ejiHeTCH  MexanHSMOM  peaKn,HH  noJiHMepnsauiHH. 
onpeAGJieHHH  xapaKTepa  axoro  npoii;ecca  ocoSenHo  npHroAHM  Me- 

TOAH,  A^IOIAHe  B03M0^H0CTL  HenpepLIBHOFO  HaSjHOABHHH  3a  MOJie- 

KyjiapHHM  BecoM  6e3  BneniHero  BMeinaTejiLCTBa  b cncTeMy.  Mgtoa 
pacceHHHH  CBBTa  MBi  BBi6pajiH  noTOMy,  HTo  npH  HGM  He  TpeSyexcH 
KajiH6poBKH,  a caMo  naMepenne  OTJiHaaeTca  npocxoTOH  h cko- 
pOCTBK). 

MoJieKyjiapHBiH  sec  Majiux  aacTHu;  (<  X/10)  moh^ho  onpeAeJiHTB 
hcxoah  H3  HHxeHCHBHOCTH  pacceaHHoro  CBexa  npn  nocxoaHHOM 
yrae  Ha6jiK)AeHHa  (o6HaHO  90°);  y SoJibmHx  aacxHn;  hgoSxoahmo 
BBecxH  nonpaBKy  na  A^ccHMiviexpHio,  as cjiyaae  Heo6xoAHMocxH  — 
npoBecxH  H3MepeHHe  npn  pasJinaHHx  yraax  h aaxeivi  aKCxpanoJia- 
n,HeH  HafeH  HHXGHCHBHOCXb  pacceaHHoro  CBexa  ajih  nyaeBoro 
yrjia.  Abtople npeAHAymHx  pa6ox  [1,  2],  b KoxopHX  npoBOAHJiocb 
HenpepHBHoe  HaSaioAGHHe  3a  HHxeHCHBiiocxBio  pacceaHHoro  CBexa, 
H3MepaaH  HHxeiHCHBHOCXB  xojiBKo  HpH  90°  (i?9o),  HOBXoMy  Hx  pe- 
ayjiBxaxBi  6ujiii  cnpaBeAJiHBBi  xojibko  a^ih  o6jiacTH  MajiBix  MOJie- 
KyjiapHBix  BecoB. 

Ha6aK)AeHHa  aa  npoAeccoM  noJiHMepH3aii;HH  aJih  oxho- 

CHXeJIBHO  BHCOKHX  MOJIGKyjiapHBIX  BGCOB  MBI  pa3pa6oxaJIH  MeXOA 
HenpepHBHoro  HaMepenna  yrJiOBOH  aaBHCHMOCxn  hhxghchbhocxh 
pacceaHHoro  CBexa  (Rq).  B npoAecce  nojiHMepH3an;HH  HSMepaan 
BeJiHHHHy  i?0  B BBiSpaHHBix  yrjiax  9 ii  ajih  Kaa^Aoro  naMepenna 
perHCxpnpoBaaH  Bpena.  B xo  Bpena  Kan  A*fiH  onpeAeaenna  Moae- 
KyaapHoro  seca  Heo6xoAHMO  SHaxB  yraoByio  saBHCHMOCxB  hhxgh- 
CHBHOCXH  pacceaHHoro  CBexa  b hgkotophh  onpeA^eaenHHH  momghx, 
oxAeaBHBie  H3MepeHHa  npn  pasaHHHHX  yraax  6HaH  npoBeAOHBi 
B pa3HHe  MOMGHXH  BpeMGHH.  IIOBXOMy  BeaHHHHy  Rq  HaAO  HHXep- 
noanpoBaxb  a^i^i  BBiSpanHoro  MOMGHxa  BpeMGHH. 
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3KCTpanoJiHi],HH  Rq  k HyjieBOMy  yrjiy  o6lihho  CTpoHT 
KpHByK)  saBHCHMocTH  Kc/Rq  ot  sin^,  r^e  K — onxHHecKaH  koh- 
CTaHxa  iiaMepneMOH  CHcxeMBi,  c — o6iii,aH  KOHij;eHxpaii;HH  mohomb- 
pa  H noJiHMepa,  0 — yroJi  naSjiioAeHHH.  HHxepnoJiHi];HH 

MO>KHO  SbIJIO  611  nOCXpOHXb  KpHByK)  aaBHCHMOCXH  Kc/R^  ox  Bpe- 
MOHii  t flJiH  KajK^oro  yrjia,  HHxepnoJiHpoBaxb  fljia  BHSpaHHoro 
MOMGHXa  BpeMGEH  H HOJiyHeHHHe.  XOHKH  HCn0JIb30BaXb  AJIH  HOJiy- 

HeHHH  HCKOMoii  saBHCHMOCxH  Kc/Rq  OX  sin^  (6/2).  OAHaKO  HaMHoro 
BHroAHee  nocxponxb  • Bce  axii  KpHBMe  Ha.  oahom  rpa(|)HKe.  3xo 
MOJKHO  CAGJiaxb,  ecaii  nocxpoHXb  KpHBbie  aaBHCHMocxH  KcIRq 
ox  cyMMbi  sin^,  (9/2)  + kt^  tao  k onpeAeJieHHbiM  oSpaaoM  blt- 
6paHHafl  KOHCxanxa.  HcnoJibsya  BKcnepiiMeHxajibHbie  a^hkhc, 
noCXpOHM  KpiIBbie  saBHCHMOCXH  BeJIHHHH  Kc/Rq  OX  BpeMGEH  AJIH 
oxAGJibHbix  yrjioB.  Ha  axiix  KpHBbix  HHxepnoJiHAHeH  naxoAHM 
XOHKH,  COOXBeXCXByiOIAHe  BblSpaHHblM  MOMeHXaM  BpeMeHH,  H Ha 
Hx  ocHOBe  cxpoHM  HCKOMyio  KpHByio  KcIRq  ox  sin^(6/2).  Sncxpa- 
nojiHAHen  k HyjieBOMy  yrjiy  hexoahm  oSpaxnne  BeJiHHHHbi  mojig- 
KyjiHpHbix  bgcob;  KpHBaa,  npoxoABin;aH  HGpG3  BKCxpanoJiHpoBaiT- 
HblG  XOHKH,  AaGX  3aBHCHMOCXb  oSpaXHOH  BGJIHHHHLI  MOJIGKyJIHpHOXO 
BGca  OX  BpGMGHH.  IlpH  noMon],H  onHcaHHOXo  Gnoco6a  rpa^HHGCKoii 
o6pa6oxKH  AftHHHx  noJiynacM  CGXKy  A^yx  chcxgm  kphbmx,  Koxopaa 
n03B0JIHGX  paCCHHXHBaXb  HaHAOHHHG  3KCnGpHMGHXaJIbHbIG  A^HIiHG, 
a B cJiynaG  CHCXGMaxHHGCKOH  norpGiHHOCxH  noMoraGX  gg  oSnapy- 
>KHXb  [4]. 

TaurGHC  yrjia  HaKJioHa  k HanajibHoro  ynacxKa  KpHBoii  3aBH- 
CHMOCXH  Kc/Rq  ox  sin^(6/2)  hbjihgxch  ^ynKAiien  paAHyca  HHGp- 
nacxHAH  p,  KOxopuH  a^gx  giag  OAny  sajKHyio  xapaKXGpncxii- 
Ky  o6pa3yK)iAHXCH  hbcxhu;.  OniicaHUbiH  mgxoa  mojkho  hchojib- 
30BaXb  HGHOCpGACXBGHHO  B XGX  CJiynaHX,  KOXAa  BGJIHHHHa  Kc/Rq 
hg  saBHCHx  ox  KOHi];GHxpan,HH,  X.  G.  KorAa  KOHCxaHxa  B BsaHMOAeii- 
cxbhk  paBHa  Hyjiio.  B npoxHBHOM  cjiynaG  hgo6xoahmo  npoBGCxii 

HGCKOJIbKO  HGSaBHCHMMX  OHblXOB,  a Ha  HX  OCHOBaHHH  HailXH  3aBIl- 
CHMOCXb  KOHCXaHXbl  B OX  MOJIGKyjIHpHOrO  BGCa  H BBGCXH  COOXBGX- 
cxByioH^yK)  HonpaBKy. 

npOBGpKH  npGAJIOJKGHHOrO  MGXOAa  MBI  BHSpaJIH  CHCXGMy 
nOJIHMGpH3yK)ni,GrOCH  aJIb6yMHHa  CBIBOpOXKH  HGJIOBGHGCKOH  KpOBH, 

AOHaxypnpoBaHHOro  HarpoBanneM  b jihmohhokhcjiom  Sy^opnoM 
pacxBopG  npH  pH  4,  8 h xGMnopaxypG  54,5°.  B axoii  chcxgmg  mojig- 

KyJIHpHBIH  BGC  H3M6HHGXCH  B BGCbMa  BIHpOKOM  HHXGpBBJIG  H,  KBK 

noKaaajiH  neaaBHCHMBiG  ohhxbi,  KOHCxanxa  BaaHMOAOHCXBHfl  B =0. 

Ha  pHC.  1 H3o6paH{GHa  nacxb  hhxgphojihahohhoh  chcxgmbt 
KpHBHX  B KOopAHHaxax  KclR{^  H sin^(6/2)  -}-  k^t  aJIh  HHXGpBajia 
ox  55  AO  110  MHH.  BSHAy  xoro,  HXO  BGJIHHHna  jfiTc/i?©  H3MGHHJraCb 
B 6oJIbmOM  HHXGpBaJIG,  HG06xOAHMO  6hJIO  HCnOJIB30BaXb  ABG  CH- 
CX6MBI  C paSHBIM  MaCnixa60M  A^^  paSJIHHHBIX  CXaAHH  pGaKAHII, 
Ha  CHCXGM  HHXGpnOJIHAHH  6hJIH  paCCHHXaHM  A^H  OnpeACJIGHHBTX 

35  MeH<nyHapoj5HLiH  CHMiioaHyM,  ceKutm  2 
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MOMeHTOB  BpeMeHH  BeJiHHHHbi  MOJieKyjiHpHoro  Beca  M-u,  H pa^Hyca 
HHepii;HH  p.  B JiorapH^MHTOCKHX  KOopflHHaTax  na  pac.  2 H3o6pa- 
Htena  sasHCHMocTb  MOJieKyjiHpHoro  Beca  ot  pannyca  HHepn;HH  na- 
cthb;,  a na  pnc.  3 b xex  we  KoopAHHaiax  noKasana  saBHCHMOCTb 
MOJieKyJiHpB[oro  Beca  ot  npoAOJiwHTeJiBHOCTH  peaKii;HH.  Hb  3Thx 


$in^  (e/3)*  0.05 1 


Pnc.  1.  HHTepnojifli^HOHHafl  cncxeMa  KpHBHX  ^jih  HenpepHBHoro  Ha6jiioAe- 
HHH  3a  nojiHMepH3aij;HeH  AeHaTypnpOBaHHoro  ajii.6yMHHa  CHBppoxKH  b hh- 
’ xepBajie  ox  55  jjp  110  mhh. 

KpHBHX  BH^HO,  HTO  MOJieKyJIHpHHH  BGC  yBeJIH^HBaGTCH  B CTGne- 

HH  2,5  OT  pa^Hyca  Hnepi^HH  p h b CTenenn  6,0  ot  BpeMeHH.  JXjih 
npoBepKH  npeAJioJKGHHoro  naiviH  MeTO^a  b Tex  jkg  ycjioBHHx  6hh 
npoBGAen  OHHT,  npH  KOTopoM  B onpejneJieHHHe  momghth  OTSnpa- 
jjHCB  np66H.  MoJieKyjiHpHHG  Beca  h pa^HycH  HnepiiHH  p axHx  npo6 
onpeAeJiHJiHCB  o6hhhoh  MGTO^iiHKOH  no  SHMMy  [4].  PeayjiBTBTH 
o6ohX  OHHTOB  HaXOAHTCH  B XOpomeM  COOTBeTCTBHH. 

noKaaaxejiB  CTeneHH  b b ypaBHGHHH  Myj  — C (const) hobbo- 
jiHGT  onpeAOJiHTB  thh’ BHCOKOMOJieKyjiHpHHx  HacTHii;.  TaK,  Hanpii- 
Mep,  AJIH  HJIOTHHX  niap006pa3HLIX  H aJIJIHHTHHeCKHX  HaCTHH, 
b — 3,  AJIH  CTaTHCTHHeCKHX  KJiySKOB  H TOHKHX  ^HCKOB  b — 2, 
a AJiH  TOHKHX  najioHek  b'—i,  ^jih  moaojigh  nepexoAHHX  thhob 
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TaKJKe  MOJKHO  HaMTH  BeJIMHMHy  b.  TaK,  MBI  C'lIlTaeM,  ^TO  b = 2,5:  AJIH. 
Hamefi  cHCxeMu  cooTBeTCTByex  BHCoKOMOJieKyjiKpHtiM  HacTHD,aMf 
iipeACTaBJiflioiAHM  coSoii  hjigtho  nepenjiexeHHtie  KJiyGKH  c . pacr 
iipeAeJieHHGM  cerMeHXOB  6oJiee  ynopHAO^eHiiBiM,  tom  CTaxHCtHTOCKoe^ 
pacnpeAejiBHHG.  Mh  npiiniJiH  k BHBOAy,  ^to  btot  mgtoa  npnSjiH® 
sHTeJibHoro  onpGAGJiGHiifl  THna  tocthu;  Jiy^me,  tom  anajina  yrJiOBoii 
aaBHCHMOCTH  HHTeHCHBHOCTH  pacceHHHoro  CBexa,  Ha  peayjibxaxH 
Koxoporo  BJiHHex  nojiHAHcnepcHOCTb. 


PhC.  2.  SaBHCHMOCTB  MOJieKyJIflpHOrO  PhC.  3.  3aBMCMMOCTI>  MOJIGKy- 

Beca  OT  paAHyca  HnepAHii  jiHpnoro  Beca  ot  npoAoa>KHTeJib- 

• — HHTepnojiHUHOHHHe  BeJiHqimu,  nojiynea-  HOCTH  peaKAHH 


Hue  H3  onuTa  c nenpepusHUM  n3MepeHHeM;  06o3HaqeHHH  3KcnepHMeHTajibHux 

O — K^HHue,  nojiy^eHEue  ns  cpaBHHTeJiBHO*  tohch  tc  we,  hto  ii  na  pnc.  2. 

ro  onuTa, 

yBejiHTOHHe  MOJieKyjiHpHoro  Beca,  nponopii,HOHa:iibHoe  spe- 
MGHH  peaKAHH  B mecxoH  cxeneHH,  yKaabiBaex,  hto  b onncaHHOM 
CJiynae  MexannsM  pocxa  HacTHn;  ghjibho  oxjiHHaexcH  ox  npeAcxaB- 
JIGHHH  0 COGAHHGHHH  HaCXHn,  C AByMH  HGHXpaMH  HOJIHMepH3an;HH, 
KOXOpoe  npHBOAHX  K JIHHGHHOMy  pOCXy  MOJIGKyjIHpnOrO  BGCa  B sa- 
BHCHMOCXH  ox  BpGMGHH  [1].  MexaHH3M  peaKAHH  pocxa  HBJIHeXCH 
o6beKXOM  ABJibHenmero  HBynenHa. 

IIpeAJioJKeHHbiH  HHxepnoJiHAHOHHHH  MexoA  mohcho  pacmHpHXb 
fla  MHorne  ^hshko-xhmhtockhg  HSMepenHH,  ocnoBaHHue  Ha  na- 

6jIIOABHHH  3a  JIIoSoH  SaBHCHMOCXblO  MeH<Ay  AByMH  HeaaBHCHMbIMH 
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nepeMeHHHMH.  Pacninpenne  KacaeTca  ne  TOJibko  aaBHCiiMOCTH  ot 
BpeiVieHH^  HO  H HHWX  SaBHCHMOCTeH,  KaK,  HanpHMep,  aaBHCHMOCTM 
OT  KOHi;eHTpan.HH  H rpaAHOHTa  CKopocTH  npH  MGTOAax  CTpyKxyp- 
hoh  BH3KOCTH  II  ji,BOMHoro  JiyaenpeJioMJieHHH  b hotoko  [3]. 


JlHTepaxypa 

1.  G.  Oster,  J.  Colloid.  Sci.,  2,  291,  1947. 

2.  M.  B i e r,  F.  F.  N o r d,  Proc.  Nat.  Acad.  Sci.,  35,  17,  1949. 

3.  P.  K r a t o c h V i 1,  P.  M u n k,  Coll.  Czech.  Chem.  Gommuii. 

(b  nenaTii.) 

4.  B.  H.  Z i m m,  J.  Chem.  Phys.,  16,  1093,  1099,  1948. 


t 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


25X1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


B3AHMO;^E0CTBHE  nOJIH-a-XJIOPMETHJIAKPHJIATA 
C AMHHAMH 

r .n.KydpneVfCe^  JE>  A>  B a c u ^ h e e a - C o k o a o e 
H.  C,  M a Q 

(CCCP) 


G i^ejibK)  CHCTeMaTHHecKoro  HayneHSH  xapaKTepa  peaKu.HH 
B i^eiiHX  nojiHMepoB  HccjieflOBajicH  npou,ecc  aMHHnpoBaHHH  nojiH-. 
a-xjiopMeTHJiaKpHJiaia.  IIojiHMep  6hji  no;:^BeprHyT  BsanMO^eficT- 
BHK)  C nepBHTOHMH,  BTOpHTOHMH  H TpeTHHHHMH  aMHHaMH  B pa3- 
JIHHHLIX  paCTBOpHXeJlHX  HpH  85°.  IIpH  J^efiCTBHH  aMHHa  Ha  nOJIM- 
a-xjiopMeTHJiaKpHJiaT  npoHCxoAHT  AernApoxJiopnpoBaHHe  nojin- 
Mepa,  flocTHraiomee  85 — 97%-hoh  cxenenn  npeBpain,eHHH. 

HacxHHHoe  aMHHHpOBaHHG  nojiHMepa  npoHcxo^iHx  xojibko  npH 
peaKii;HH  c nepBHHHtiMH  aMHHaMH,  b peayjiBxaxe  Hero  nojiHMepti 
coAepjKax  js,o  15  aMHHHHx  ocxaxKOB  na  100  ocxaxKOB  MOHOMepa. 
C xpexHHHHMH  aMHHaMH  B He6ojii>niOH  cxeneHH  oSpasyioxcH  Hex- 
BepXHHHIie  aMMOHHHHtie  COJIH. 

HapflAy  c peaKAHGH  flerHApoxaopHpoBaHHH  npn  AeficTBHH 
aMHHOB  Ha  nojiH-a-xjiopMexHJiaKpHJiax  npoHCXo^Hx  aMMOHOJina 
3(j[)HpHOH  rpynnH*^  Ammohojihs  ho^  A^HCxaneM  nepBHHHHx  aMHHOB 

npOHCXOAHX  KOJIHHeCXBGHHO;  npH  AGHCXBHH  BXOpHHHHX  aMHHOB  — 

B MeHbmeH  cxeneHH  (50 — 60%-Hoe  npeBpam^eHne).  npoHcxoAHni,He 
B AenHx  HOJiHMepa  npeBpam^ennH  hochx  HHxpaMOJieKyjiHpHtiH 
xapaKxep. 

BonpeKH  ojKHAaHHHM,  npoAyKT  peaKAHH,  noABeprnyxHH  npo- 
Aeccy  AGrHApoxjiopnpOBaHHH,  C0Aep?KHT  HaojinpOBaHHHe  aboh- 
HHe  CBHSH  B KOJIHHBCXBe,  COOTBeXCTByK)III,eM  TOJIbKO  5 — 10%  OT 
HHCJia  ABOHHHX  CBH3eH,  KOXOpbie  AOJI>KHBI  oSpaaOBaXbCH  B COOT- 
BeXCXBHH  C KOJIHHeCTBOM  BHACJIHBHierOCH  XJIOpHCXOrO  BOAOpOAa. 

B npoAecce  AerHApoxjiopnpoBaHHH  b aohhx  nojiHMepa  nponc- 
XOAHX  AHKJiH3an;HH,  anajiorHHHaH  oSpaaoBannio  AHKJiHHecKHX  coe- 

AHHeHHH  H3  HH3K0M0JieKyjIHpHHX  AHOHO^HJIOB, 

Hsyneno  B^XHHHHe  npnpoABipacxBopHxejieH  na  CKopocxb  npo- 
n;ecca,  AGrHApoxjiopnpOBaHHK.  ycxaHOBJieno  onenb  CHJibHoe  Kaxa- 
jiHXHHecKoe  BJiHHHHe  rHApoKCHJibHOH  rpynHLi,  Ha  npnMepe  ne-* 
Koxopbix  aMHHOB  noKaaano  BJiHHHne  npocxpaHCTBennoro  (j)aKTopa. 
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Summary 

With  the  purpose  of  a systematic  study  of  the  nature  of  reac- 
tions in  polymer  chains  an  investigation  was  made  of  the  amina- 
tion  of  polymethylacrylate.  The  polymer  was  reacted  with  primary, 
secondary  and  tertiary  amines  in  various  solvents  at  85°.  On 
interaction  of  an  amine  with  polychloromethylacrylate  dehyd- 
rochlorination of  the  polymer  takes  place,  attaining  a degree  of 
conversion  of  85—97%. 

Partial  amination  of  the  polymer  occurs  only  with  primary 
amines.  The  resulting  product  contains  up  to  15  amine  residues 
per  100  monomer  repeating  units.  With  tertiary  amines  quater- 
nary ammonium  salts  are  formed  to  some  extent. 

Besides  dehydrochlorination  during  interaction  of  amines 
with  polychloromethylacrylate  ammonolysis  of  the  ester  group 
takes  place.  Ammonolysis  by  primary  amines  proceeds  quantita- 
tively, by  secondary  amines  it  takes  place  to  a less  extent  (50— 
60%  conversion).  The  reactions  occurring  in  the  polymer  chains 
are  of  an  intramolecular  nature. 

Unexpectedly  the  products  of  the  dehydrochlorination 
reaction  contain  isolated  double  bonds,  amounting  to  only  5— 
10%  of  the  number  of  double  bonds  that  should  have  been  formed 
in  conformity  with  the  quantity  of  evolved  hydrogen  chloride. 

During  the  dehydrochlorination  reaction  cyclization  takes 
place  in  the  polymer  chains,  similar  to  the  formation  of  cyclic 
compounds  from  low  molecular  weight  dienophiles. 

A study  has  been  made  of  the  effect  of  the  solvent  on  the  rate 
of  the  dehydrochlorination  reaction.  The  hydroxyl  group  has 
been  found  to  exert  a very  strong  catalytic  action. *The  influence 
of  steric  factors  has  been  illustrated  with  a number  of  amines. 


Resume 

Dans  le  but  d ’ etude  systematique  de  caractere  des  reactions 
dans  les  chaines  polymeriques  on  etudiait  le  processus  deamina- 
tion de  polymethylacrylate  chlore  en-a.  Le  polymere  a ete  sou- 
mis  a Tinteraction  avec  les  amines  primaires,  secondaires  et 
tertiaires  dans  divers  solvants  a temperature  85°.  Sous  Taction 
d ’amine  sur  le  polymethylacrylate  chlore  en-a  a lieu  la  dehydro- 
chloruration  de  polymere,  atteignant  85 — 97%  de  transformation. 

Une  amination  partielle  de  polymere  ne  s’execute  que  dans 
la  reaction  avec  les  amines  primaires,  a la  suitede  quoi  les  poly- 
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meres  contiennent  a 15  restes  d 'amine  par  100  unites  de  monome- 
re.  Avec  les  amines  tertiaires  se  ferment  en  petite  mesure  les  sels 
de  bases  d 'ammonium  quaternaires. 

A cote  de  reaction  de  dehydrochloration  sous  Taction  des 
amines  -sur  polymethylacrylate  chlore  en-a  se  produit  Tammono- 
iyse  du  groupe  d ' ester.  L'ammonolyse  sous  Taction  des  amines 
primaires  se  produit  quantitativement;  sous  Taction  des  amines 
secondaires  elle  se  produit  en  moindre  degre  (50 — 60%  de  trans- 
formation). Les  transformations  dans  le  polymere  portent  le  ca- 
ractere  intramoleculaire. 

Centre  toute  attente  le  produit  de  reaction  soumis  au  processus 
de  dehydrochloration  a de  doubles  liaisons  isolees,  dont  la  quan- 
tite  correspond  seulement  a 5—10%  de  nombre  de  doubles  liai- 
sons qui  doivent  se  former  conformement  a la  quantite  de  Thyd- 
^ogene  chloreux  degage. 

Au  cours  du  processus  de  dehydrochloration  dans  les  cJiaines 
de  polymere  s’effectue  la  cyclisation,  analogique  a la.  formation 
des  composes  cycliques  a partir  des  phylodienes  a has  poids 
moleculaire. 

Une  influence  de  la  nature  des  solvants  sur  la  vitesse  du  pro- 
cessus de  dehydrochloration  a ete  etudiee.  On  a constate  une 
^tres  forte  influence  catalytique  de  groupe  hydroxyle. 

En  employant  a titre  d’exemple  certaines  amines  on  a montre 
T influence  du  facteur  sterique. 
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CHLORINATION  OF  PHENOLALDEHYDE  RESINS 

T.I.Babek,  J.Kosmider 

(Poland)  " 


The  modification  of  resins  hy  means  of  secondary  reactions 
constituted  — especially  within  last  few  yars  — the  subject  of 
many  interesting  investigations.  It  is  to  be  noted  here,  however 
a characteristic  restriction  of  interest  exclusively  to  polymeriza- 
tion resins.  In  the  world  literature  an  opinion  is  accepted  that 
phenol  resins  — like  the  other  condensation  resins  — are  not 
suitable  for  carrying  on  secondary  reactions  because  of  their  low 
chemical  stability. 

The  aim  of  the  present  investigation  was  to  prove  the  possibi- 
lity of  modification  of  phenol  aldehyde  resins  by  chlorination, 
the  chemical  resistance  of  which  depends  in  deciding  manner  on 
composition  of  the  raw  materials  and  condensation  conditions. 
Particularly  interesting  seemed  to  be  the  possibility  of  introdu- 
cing the  mobile,  aliphatic  chlorine  to  cresol  formaldehyde  resins 
giving  thus  rise,  among  others,  to  the  formation  of  ion  exchange 
resins  by  exchanging  the  chlorine  for  adequate  functional 
groups. 

The  experiments  were  carried  out  in  two  ways:  1)  by  chlori- 
nation of  thermoplastic  resins  of  type  of  soluble  and  melting  novo- 
lacs,  2)  by  chlorination  of  resins  in  the  <(C»  state  — resites. 

Chlorination  was  carried  out  using  sulfuryl  chloride  in  the 
presence  of  radical  catalysts  (benzoyl  peroxide  and  azo-bis-(izo- 
butyroniJbrile).  As  solvents  were  used  those  effecting  the  swelling 
of  resites  like  benzene,  dioxane,  and  chloroform.  Reactions  were 
carried  out  at  boiling  temperatures  of  solvents,  using  0,01  mole 
of  catalyst  per  1 mole  of  resin  (calculated  for  1 mer  — 1 phenol 
ring). 

The  aliphatic  chlorine  content  was  determined  by  means  of 
2 N alkoholic  potasium  hydroxide,  or  by  fusing  with  aniline. 
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The  total  chlorine  was  determined  by  combustion  in  the  oxygen 
according  to  Bobranski’s  method  [1]. 

It  has  been  found  that  notwithstanding  the  amount  of  sul- 
furyl  chloride  used  and  the  choice  of  chlorination  parameters 
besides  introducing  the  mobile  chlorine  in  to  the  methyl  groups 
the  substitution  occures  of  aro  matic  rings.  The  obtained  novolacs 
do  hot  exhibit  hardening  (cure)  ability  with  hexamethylenetetr- 
amine what  points  on  blocked  o-  and  /^-active  positions  in  rings. 
The  results  obtained  are  in  agreement  with  expectations.  Kharasch 
[2]  has  found  that  by  chlorination  with  radical  sulfuryl  chloride 
of  compounds  with  active  rings  e.  g.  fluorene  or  p-methylnaphta- 
lene  some  additional  substitution  occures  in  rings. 

To  confirm  facilitated  chlorination  in  the  active  centres  of 
phenol  rings,  the  chlorination  was  carried  out  of  the  model  com- 
pound 2,2'-dihydroxy-5,5 -dimethyl-diphenylmethane  (I).  As  a 


OH  ‘ OH 


CH3  CH3 


II  “ 

result  of  chlorination,  without  catalyst. the  substitution  product 
was  obtained  in  the  position  3,3'  (III),  identical  with  condensation 
of  2-chloro-4-methyl- phenol  obtained  by  Kammerer  [3].  The 
reaction  proceeds  easily  with  a significant  thermal  effect  and 
100%  yield. 

As  a result  of  chlorination  of  phenol  novolacs  the  product 
was  obtained  containing  20,4  % Cl  (0,78  Cl  per  mer),  2,7%  (0,1  CL 
per  mer)  of  which  constitutes  aliphatic  chlorine. 

There  was ’ introduced  to  cresol  novolacs,  condensed  from  the 
technical  40%  m-cresol,  33,4%  of  chlorine  corresponding  to  1,7  Cl 
atom  per  iner,  16,2%  (0,82  Cl  per  mer)  of  which  constitutes  ali- 
phatic chlorine.. 

The  above  results  were  obtained  using  for  chlorination  2 mo- 
les of  sulfuryl  chloride  per  mole  of  novolac  (calculated  for  1 mer 
that  is  for  2 phenol  rings).  Increase  of  sulfuryl  chloride  amount 
in  chlorination  does  not  rise  the  amount  of  chlorine  instroduced. 
The  excess  of  sulfuryl  chloride  remains  unreacted.  However, 
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when  the  amount  of  sulfuryl  chloride  is  lowered  down  to  the 
molar  ratio  1:1,  during  chlorination  of  cresol  novolac  conside- 
rable lowering  of  mobile  chlorine  content  in  the  product  is 
•caused.  The  ratio  (total  chlorine)  to  (mobile  chlorine),  which 
•amounts  about  2 : 1 for  2 moles  of  sulfuryl  chloride  per  1 mol  of 
novolac  increases  to  about  3 : 1 for  1 mole  of  sulfuryl  chloride 
per  1 mole  of  novolac.  This  proves  that  in  spite  of  the  presence 
•of  radical  catalyst  the  substitution  taking  place  at  active  centres 
■of  phenol  rings  is  much  prefered  than  the  chlorination  of  methyl 
:groups. 

The  clorination  efficiency  of  novolacs  by  sulfuryl  chloride 
is  high  and  the  yield  in  all  our  experiments  is  higher  than  90%. 

The  degradation  of  novolacs  during  the  chlorination  proces- 
:ses  was  not  observed.  The  mean  molecular  weights  determined 
•cryoscopically  were  equal  350 — 400  for  novolacs  and  400 
450  for  chlorination  products. 

Chlorination,  of  novolacs  does  not  however  result  in  forma- 
tion of  cured  resins  containing  mobile  chlorine,  but  enables  to 
get  some  informations  on  chlorination  products- (e.  g.  molecular 
weight)  which  could  not  be  obtained  by  chlorination  of  resins 
:in  the  «C»  state. 

During  condensation  of  resites  a particular  interest  was  paid 
stewards  their  two  properties  being  in  apparent  contradiction. 
The  first  one  concerns  possibly  highest  swelling  effect,  while  the 
other  one  possibly  highest  chemical  resistance,  and  the  lowest 
^degradation  at  chlorination. 

Several  kinds  of  resites  were  condensed  for  later  chlorination. 

Resites  condensed  without  separation  apart  the  layers,  at  the 
ratio  phenol  to  formaldehyde  equal  1 : 1,2— 1,5  and  sodium 
hydroxide  catalyst  taken  in  amount  of  1 mole  per  1 mole  of 
phenol.  After  preliminary  condensation  in  a flask  the  resoles 
were  hardened  in  open  vessels  at  90 — 100°  or  in  sealed  ampoules 
at  105—110°.  Resites  prepared  by  hardening  in  open  vessels 

• exhibit  slight  swelling  only  of  order  20 — 30%  in  dioxane,  and 
their  chlorination  results  in  introducing  the  chlorine  in  trace 
amounts  (about  5%).  Contrary,  resites  hardened  in  sealed  ampou- 
les without  removing  the  water  during  the  process,  show  by  far 
higher  swelling  (from  100%  for  40%  m-cresol  resite  up  to  300% 
for  .20%  m-cresol  resite).  All  the  data  concern  the  dioxane  in 
which  all  further  discussed  chlorinations  of  resins  were  carried 

• out.  The  resites  of  the  grain  size  of  0,4—1  mm  have  been  chlori- 
nated after  earlier  dehydration  by  partial  removing  of  dioxane 
in  distillation  process  (dioxane  water  azeotrope  possesses  a mini- 
mum of  boiling  temperature). 

As  a result  of  chlorination  of  thus  prepared  resites  the 
products  were  obtained  containing  up  to  12%  of  aliphatic  chlorine 
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(about  1 Cl  atom  per  two  methyl  groups)  and  some  small  amounts 
of  not  to  be  splitted  off  chlorine  (up  to  3%)., 

Chlorination  is  acconipanied'  by  an  advanced  degradation 
process.  About  50%  of  resite  goes  over  into  the  solution  in  the  form 
of  a product  which  is  identical  with  chlorinated  novolac  of  mole- 
cular weight  approximately  500  and  with  chlorine  contents  up  to- 
25%,  10— 15%  of  which  constitutes  aliphatic  chlorine.  Depoly- 
merization down  to  cresole  was  not  observed. 

Ammonia . resites  were  condensed  at  ratio  formaldehyde  tO' 
phenol  equal  from  1 : 1 till  1,5  : 1 and  0,1  mole  of  ammonia  per 
1 mole  of  phenol. 

After  preliminary  condensation  under  reflux,  the  resoles  were; 
hardened  in  open  vessels  at  100—105°..  Thus  prepared  resites  sho- 
wed in  dioxane.a  swelling  from  80%  for  40%  m-cresol  resite  up  to^ 
200%  for  resite  from  20%  m-cres61.  Chlorination  results  for  ammo- 
nia resites  were  analogous  to  those  just  discussed.  Depolymerizatiom 
was  slighty  higher  (60%)  especially  for  resites  with  lower  contents 
of  m-cresol.  Chlorinated  novolac  was  the  degradation  product,  no- 
depolymerization to  cresol  has  been  stated. 

As  well  resites  with  sodium  hydroxide  as  catalyst  as  resites 
condensed  with  ammonia  contain  accordingly  to  the  accepted 
now  theory  of  the  structure  of  phenol  resins,  excert  the  basic 
bonds  of  methylene  bridges,  considerable  amounts  of  dimethylene* 
ether  or  dimethylene-amine  ones.  Basing  on  comparison  of  high 
stability  during  chlorination  process  of  novolacs  containing  me- 
thylene bridges  only,  with  low  resistance  of  resites,  it  seems  likely 
the  assumption  that  for  the  low  chemical  stability,  among  others 
dimethylene  ether  or  dimethylene  ammine  units  are  responsible. 

These  premises  seem  to  be  confirmed  by  chlorination  results  for 
resited  condensed  with  small  amount  of  the  base  with  no  excess  of 
formaldehyde,  containing  thus  a minimal  amount  of  dimethylene 
ether  bridges.. 

Resite  condensed  at  the  raw  material  composition:  1 mole  of 
46%  m-cresol,  1,2  mole  of  formaldehyde,  0,015  mole  of  Barium 
hydroxide,  with  swelling  effect  in  dioxane  of  80%  shows  by  chlo- 
rination a low  degradation  of  order  of  20%.  In  the  obtained  pro- 
ducts there  was  found  only  15%  of  mobile,  chlorine.  In  chlorina- 
ted novolacs  resulted  by  depolimerization  process  of  resite  it  was 
found  22%  of  chlorine  content,  the  half  of  which  was  aliphatic  one.. 

Conclusions 

Chlorination  of  phenol  resins  (novolac)  does  not  effect  the 
breaking  of  methylene  linkages.  It  is  possible  to  introduce  the 
light  exchangeable  clorine  atoms  (so  called  „ aliphatic”)  into  the 
methyl  groups  (side  chains)  in  resins  obtained  from  cresol  with. 
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simultaneous  substitution  of  aromatic  rings  in  the  position  o-  and 
p- toward  hydroxyl  group.  , j . 

Chlorination  of  resites  proceeds  with  significant  degradation) 
in  the  case  of  resins  posessing  a large  number  of  dimethylene, 
amine  linkages.  The  degradation  ■ products  constitute  exclusively 
resins  similiar  to  chlorinated  novolacs.  No  degradation  to  chlori- 
nated cresols  is  stated. 

Resites  condensed  in  conditions  not  favouring  the  formation, 
of  bridges  other  than  methylene  linkages  exhibit  by  far  lower 
degradation  during  chlorination.  ^ 

It  is  possible  to  introduce  the  mobile  chlorine  atoms  in  this 
way,  into  the  cured  cresol-formaldehyde  resins. 

Some  of  the  obtained  results  are  summarized  in  following 
table 

Table 


Resin 

Swelling,  %, 

, In  dioxane 

Degra- 

dation 

Total  chlorine 

Mobile  Cl 

% 1 

Cl/mer  | 

1 % 

Cl/mer 

Phenol  novolack  . 

Soluble 



20,4 

0,78 

2,7 

0,1 

Gresol  novolack  . . 

» 

— 

33,4 

1,7 

16,2 

0,82 

Resite  (with  NaOH)* 

100—300 

50 

15,2 

0,6 

12,0 

0,5 

Resite  (NHa)  . . . 

80—200 

60 

14,1 

0,57 

11,9 

0,5 

Resite  (Ba  (OH)2)  . 

80 

20 

15,9 

0,65 

15,0 

0,6 
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ABTope<|)epaT 

XJIOpHpOBaHHH  ^eHOJI-$OpMaJIbJl,6rHflHLIX  H Kpe30JI-(|)OpM' 
ajibAernAHbix  HOBOJiaKOB  npHMeHHJicH  xjiopHCTHH  cyjib(|)ypHJi 
B npHcyTCTBHH  pa^HKajibHHX  KaTaJiHsaTopoB  (nepeKHCb  6eH30HJia» 
^HHHTpHJI  a30H30MaCJIHH0H  KHCJIOTH).  yCXaHOBJIBHO,  HTO  HGj 
aasHCHMO  OT  KOJimecTBa  xjiopncxoro  cyjib^ypHJia  h ycJiOBHfi 
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XJIOpHpOBaHHH,  nOMHMO  BBCffeHHH  nOJIjBHH^HOrG  XJIOpa  B MeXHJIbHyH) 
rpynny,  HMeex  mgcto  aaMemenne  b apoMaTH^ecKOM  KOJibu,e. 

nojiyneHHHe  HOBOJiaKH  He  ripoABJiHioT  chocoShocth  k BBanMO- 
/^eficTBHK)'  c reKcaMeTHJieHxexpaMHHOM.  B peaKn;HH)  exo^hjig  He 
■SGJiee  33,4%  xjiGpa,  hxg  cGoxBexcxByex  1,7  axGMaM  xjiGpa  na  cxpyn- 
xypnyiG  eflHHH^y  KpesGJibHGrG  HGBGJiaKa,  npn^eM  16,2 % (0,82  axG- 
Ma  xjiGpa/eAHH.)  npHXOji;HJiGCb  na  ajiH(|)axHHecKH:  CBHsaH- 

Horo  XJIGpa.  ‘ CGOXBexCXBeHHbie  .BeJIHHHHH  (j)eHOJIbHGrG  HGBG- 
jiaKa:  20,4%  xjiopa  (0,78  axGMGB  xjiGpa/e^^nn.)  h 2,7%  xjiGpa 
(0,1  aXGMGB  XJIGpa/eAHH.).  npGBG;i;HJICH  CHHXes  (j)eHGJIbHbIX  H Kpe- 
BGJIbHHX  peSHXGB  npH  paSJIHHHHX  GXHGineHHHX  $eHGJia  K (J)OpMaJIb- 
^erHAy  H paaJiHHHGM  KGJiH^ecxBe  KaxajiHsaxGpa.  HaH^enG,  hxg 
pesHXbi,  HOJiyHeHHHe  npn  GXHGmenHH  1 mgjib  NaOH  h 1,5  mgjih 
(JjGpMajib^erH^a  na  mgjib  (|)eHGJia,  saxeM  HG^BeprHyxbie  narpeBa- 
HHK)  B BaKptixGM  CGcyfle  npH  xeMnepaxype  100—110°,  npGHB- 
JiHiGX  HaH6GJibmyK)  xeHfleHn;HK)  k naSyxaHHK)  b xbkhx  pacxBGpn- 
xejiHX,  KaK  6eH3GJi,  ^GKcan  h xjiopG^GpM,  X.  e.  b pacxBGpiixeJiax, 
HpHMeHfleMHX  npH  XJIGpnpGBaHHH,  HXG  HBJIHeXCH  cymecxBeHHHM 
3(j)(j)eKXHBHGCXH  XJIGpnpGBaHHH. 

IIpH  XJIGpnpGBaHHH  B 6eH3GJie  B KpeSOJIbHblH  pe3HX  BBe^eHG 
7%  HGABHH^HGrG  XJIGpa. 

ripil  XHGpHpGBaHHH  B XeX  me  yCJIGBHHX  (|)eHGJIbHGrG  peSHXa 
B HeM  He  6biJiG  GSnapyjKeHG  nojiiBHHCHGrG  xjiGpa;  btg  nGAXBepH«ji;aex 
pesyjibxaxbi,  HGJiyneHHLie  npn  XJIGpnpGBaHHH  HOBGJiaKa. 

B peayjibxaxe  xJiGpnpOBaHHH  chjibhg  Ha6yxinerG  peanxa  b ahgk- 
cane  (100%)  BBeAenG  6GJiee  12%  hg^bh^khoxg  xjiGpa,  x.  e.  1 axGM 
xjiGpa  Ha  2 KGJibijia.  Xlpn  XJIGpnpGBaHHH  KaK  b 6eH3GJie,  xaK  h 
B AHOKcane  Ha6jiH)Aajiacb  BHannxejibHaH  AecxpyKii;Hfl  pesHxa.  Ox 
40  AO  50%  pesHxa  nepexGAHX  b pacxBGp,  h3  kgtgpgfg  mgjkgx  Shxb 
Bbica^Kena  cMGJia,  anajicrnnHaH  npGAyKxaM  xjiGpnpoBaHHH  hgbgjib- 
Ka.  CxeneHb  AOCxpyKuiHH  aaBHcnx  gx  xnna  peanxa,  nanpHMep, 
GCG6eHHG  CHJIbHaH  AeCXpyKAHH  npGHCXGAHX  npn  XJIGpnpGBaHHH 
aMMHaHHbix  pesHXGB.  HanSGJibineH  xhmhhgckgh  cxaSnjibHGcxbiG 
GSjia^aiGX  pesHXbi,  nGJiyneHHLie  Ses  H36LixKa  (|)GpMajibAerHAa 
B HpHCyxCXBHH  HeSoJIbHlOrG  KGJIHneCXBa  CHJIbHGFG  GCHGBaHHH 
B KanecxBe  KaxajiHsaxGpa. 


Resume 

PGur  chlGxurer  les  novGlaques  fGrmGphenGliques  et  fGrmGcresoli- 
ques  Gn  utilisait  le  chlorure  de  sulfuryle  en  presence  des  cataly- 
seurs  radicaliques  (peiGxyde  de  benzGyle,  dinitrile-azG-bis-isobu- 
tyrique).  On  a etabli  qu'independamment  de  la  quantite  de 
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chlorure  de  sulfuryle  et  des  conditions  de  cliloruration,  en  dehors  , 
de  rinsertion  de  chlore  mobile  en  groupe  methylique  a lieu  une 
substitution  dans  le  noyau  aromatique. 

Les  novolaques  obtenues  ne  revelent  pas  .la  capacite  de  I'in- 
teraction  avec  rhexamethylenetetramine.  A la  reaction  participe 
33,4%  de  chlore,  pas  plus,  ce  qui  correspond  a 1,7  atomes  dechlo- 
re  par  unite  structurale  de  la  novolaque  cresolique,  et  avec  c'ela 
16,2%  (0,82  atome  de  chlore/unite)  etait  pour  une  partie  du 
chlore  aliphatiquement  lie.  Les  valeurs  correspondantes  pour  la 
novolaque  phenolique:  20,4%  de  chlore  (0,78  atome  de. chlore/uni- 
te) et  2,7%  de  chlore  (0,1  atome  de  chlore/unite).  La  synthese 
des  resites  phenoliques  et  cresoliques  a divers  rapports  du  phenol 
a formaldehyde  et  a diverse  quantite  de  catalyseur  etait  reali- 
see.  On  trouve  que  les  resites  obtenus  pour  le  rapport  1 mol 
NaOH  et  1,5  mol.  formaldehyde/mol  phenol  et  soumis  ensuite 
au  chauffage  a la  temperature  de  100  a 110°  montre  la  plus  grande 
tendance  a se  gonfler  dans  tels  solvents  que  le  benzene,  dioxane 
et  chloroform  c’est-a-dire  dans  les  solvents  appliques  lors  de 
chloruration  ce  qui  est  essentiel  pour  I’efficacite  de  chloruration. 

Au  moment  de  chloruration  dans  le  benzene  en  resite  cresoli- 
que 7%  de  chlore  movible  a ete  introduit. 

Ayant  chlore  le  resite  phenolique  dans  les  memes  conditions, 
on  n’a  pas  trouve  de  chlorure  movible  ce  qui  confirme  les  resul- 
tats  de  la  chloruration  de  novolaque. 

Par  suite  de  chloruration  du  rfeite  fortement  gonfle  au  sein 
de  dioxane  (100%)  on  a inserre  12%  de  chlore  mobile  soit  1 atome 
de  chlore  par  deux  noyaux.  Lors  de  chloruration  dans  le  benzene 
aussi  bien  que  dans  le  dioxane  on  observait  une  destruction  sensib- 
le du  resite.  De  40  a 50%  de  resite  passe  en  solution  a partir  de 
laquelle  peut-etre  precipitee  une  resine,  analogique  aux  produits 
de  chloruration  de  la  novolaque.  Le  degre  de  destruction  depend 
du  type  de  resite;  par  exemple  la  destruction  , particulierement 
forte  a lieu  lors  de  chloruration  des  resites,  ammoniques.  Ce  sont 
les  resites  obtenus  sans  exces  de  formaldehyde  en  presence  d’une 
petite  quantite  de  base  forte-  a titre  de  catalyseur  qui  possedent 
une  plus  haute  stabilite  chimique. 
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Ii;HAH3THJI0BbIH  H AMHHOnPOnHJIOBbifl  3a>HPbI 
nOJlHBHHHJIOBOrO  CnnPTA 

JL.  AA,eKca  nd  p y,  M.  O n p u ui,  A.  ^ OKoncA 

{PyMunwi) 


IlpiicyTCTBiie  ^IIJ^poKCIIJII>HbIX  rpynn  b MaKpoMOJieKyjie  nojiii-. 
BiiHiiJiOBoro  cmipTa  coa^^aeT  MHoroHHCJieHHHe  bo3mo>kh©cth  xhmh- 
^lecKoro  H3MeHeHHfl  axoro  nojiiiMepa  c HHxepecHWMH  TeopexiiHecKii** 
Mil  H npaKTIIHeCKHMH  nOCJieflCTBHHMH.  HsBeCTHbl  ail,eTaJIH,  iipo- 
CTBie  H cjiojKHBie  3^npbi  nojiHBHHHJiOBoro  CHiipTay  npiTivieHHeMLie 
B pa3JIIIBHbIX  o6jiaCTHX  npOMHniJieHHQCTH. 

B HacToaiAeii  paGoxe  iisJiOH^eHbi  peayjibTaTw,  nojiyaeHHBie  npii 
iisyaeHHii  peaKi^HH  BBe^eHna  hhtphjibhhx  h aMHHorpynn  b mbk- 
poMOJieKyjiy  nojiiiBHHHJiOBoro  cnnpxa  b npoii,ecce  cunxesa  ii,HaH- 
axiiJiOBoro  m aMimonponHjiOBoro  3(|)iipoB  nojiHBHHHJiOBoro  cnnp- 
xa.  HecMOxpa  na  xo,  hxo  b cnei3;HaJibHOH  Jinxepaxype  [1]  iiMeioxca 
ji,aHHLie  no  i^nanaxiiJiHpoBaHnio  nojiHBHHHJiOBoro  cnnpxa,  axox 
Bonpoc  iiayneH  eii],e  HeAOCxaxonno.  CnHxea  aMiiHonponiuiOBoro 
3(J)Hpa  nojiHBHHHJiOBoro  cnnpxa  b jiHxepaxype  ne  ynoMiinaexca. 

Hcxo^a  113  xex  coo6pa}KeHHH,  nxo  BBeAenne  niixpujibHux  n 
aMiiHorpynn  ona^ex  B;jiHaHHe  na  CBoncxBa  nojinmepa  b saBHcnMO- 
CXH  ox  cxenenii  saMemenna,  Shjih  cnaxeanpoBanu  nojiiiMepLi  c no- 

BMMH  IIHXepeCHblMH  CBOHCXBaMH.  IIpH  OOHXaX  nOJIbSOBaJIHCb  nO' 

jinBiiHiiJiOBbTi^r  cnnpxoM  co  CJIeJ^yH)I^HMH  xapaKxepiicxHKaMii: 


CxeneHL  nojuiMepHsaaHU 1800 

CxeneHt  ruapoJiHsa  . . . . i . . . 99% 

SOJIbHOCTb . 1% 


l],iiaH3TnjiOBbin  a(})iip  noaHBHHMJiOBoro  cnnpTa 

I^nanaxiiJiHpoBanne  nojiuBHHHJiOBoro  cnnpxa  6hjio  Bbinojiiie- 
HO  KJiaccnnecKHM  mcxoaom  na  ocnoBe  BBanMOAencxBHfl  c aKpiuiO' 
HiixpiiJiOM  B mejionHOH  cpeAe: 

R — OH  + — GHa  = CH  ROCHg  — GHj  — GN 
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I]|HaH3THJIIipOBaHHe  nOJIHBHHHJiOBOrO  CmipTa  BeJItl  GpH  TGM- 
nepaxype  b 60°  b Te^ieHne  4 nacoB  npii  nenpepLiBHOM  nepeMemiiBa- 
HHH  nocjie  npeABapHxejiBHoro  BLTMa^HBaHHK  b pacXBOpe  NaOH  npH 
xeAinepaxype  18°. 

PacxBopHMOcxfc  nojiHBHHHJioBoro  cniipxa  b boa^  hg  noaBOJineT 
BecxH  ero  ii;HaH3XHJiHpoBaHne  b boahoh  cpeA^.  PeaKAnH 
npoxenaxL  b cpe^e,  BCAyiAeii  ceSn  kbk  HepacxBOpnxejib  nojlii^ 
BiiHHJiOBoro  cnnpxa,  Koxopbiii  aojih^bh  6lixi>  xiiAiit^ecKH  llHepXHtiM 
no  OTHomeHHio  k aKpnJiOHnxpiiJiy,  ho  b KOxopOM  aKpfijiOHUtpHJl  M 
rnApooKHCB  naxpiiH  pacxBopHMLi.  Hcxoah  hs  atlix  coo6paH<ettHfi 
6HJia  HccjieAOBaiia  peaKAHH  AHaHarajiiipOBamiH  nOjiiiBHHHJioBoro 
cnnpxa  B paajiHHHwx  ajin^axiinecKHX  n apoMatiinCCKlix  yrjieBO- 
AopoAax. 

B xa6jr.  1 noKasanLi  peayjiBXaxLi,  nojiyneuHtie  Pptt  HayneHiiii 
BJiiiHHHK  XHMHHecKOH  npnpoABi  BeipecxBai  iicnOAi.30BaHHOro  B Ka- 
necxBe  peaKAiionnoii  cpeALT. 

T a 6 ji  im  a 1 


BjiifHHue  peaKunoiiHoii  cpeAi*t  na  CTfenenb 
AHaHaTHJiHpOBaunit 


PaCTBOpHTCJlb 

CoAepwa- 
Hue,  % 

CteneHb  uuhii‘ 
OTllJlHpO- 
BamiH,  % 

BeH3HH,4)paBAHfl  C T.  KUn. 

170—190° 

% 

5,46 

20,2 

Benaoji 

7,28 

31 

ToJiyon 

1,68 

5>1 

3THJl6eH30JI 

4,06 

15 

Kchjioji 

5,2 

B cpcAe  6eH30Jia  6biji  nojiyneii  c caMOfi  bhcdkOh  cxenenbio 
AnaHaxHJiiipoBaHHH. 

CxeneHB  AnanaxiiJinpoBamiH  aaBiicnx  ox  npoAOJiJKnxejibnocxM 
BBiMaHHBaHiiH  nojiiiBHHiiJiOBoro  cnnpxa  b pacxBOpe  rnApooKiiCH 
Haxpnn.  nojiynennaa  KpnBaa  (pnc.  1)  iiMeex  MaKCHMyXi  b Tonne  B, 
Ha  ynacxKe  KpnBOn  A ^ B nponcxoAnx  naSyxaHne  nojiHBHHiwiCH- 
Boro  cnnpxa,  SjiaronpnflTCTByion^ee  AH^^y^nii  aKpnJionnIrpHJia 
H npoxeKannio  peaKAnn  AnanaxHanpoBaniink 

Ha  ynacxKC  B — C nojiHBnnnJiOBbiH  criiipt  naniinaex  pacxBO* 
pnxbCH;  cjieACXBiieM  axoro  pacxBOpennn  aBJinexcn  CKJienBa* 
nne  nacxnu;  nojinMcpa . it  pocx  arjiOAiepaxa*  9xo  aaxpyAnaex  ah^)* 
^yaiiK)  aKpHjroimxpnJia  n cxenenb  AnanaxHJiHpoBaHHfl  yMenii- 
maexcH. 
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' MoJiapnoe  cooTHomeHne  aKpHJiOHHTpHJi:  nojiHBHHHJiOBtifi 
ennpT  TaKJKe;  BJinaeT  na  cxenenb  i];HaH3THJiHpOBaHHH  (puc.  2). 
BnJiOTb  AO  neKOToporo  npeAeJia  (MOJiapnoe  cooTHOineHne  aKpMO- 
HHTpHJi:  nOJIHBHHHJIOBBIII  CHHpT  OKOJIO  3,9)  Ha6jIIOAaeTCH  pOCT 


CTeneHH  ii;HaH3THJiHpoB  annH ; 
BHme  yKasaHHoro  npeAejia 
CTeneHb  n,HaH3THJIHpOBaHHH 
OCTaeTCH  nOCTOHHHOH. 


■ nponumbiSaHUff.MUH, 


/ E 3 5 6 7 8 9 10  i1  fZ 


MojippHoe  coomHouieHue  OKpunoHumpuji 
nonuduHUJiodbiu  cnupm 


Phc.  1.  SaBHCHMOCTt  cTeneim  PHC.  2.  CTeiTeiii>AiiaH3THJiHpoBaHHflB3aBH‘ 

l^HBHBTHJIHpOBaHHH  OT  BpeMeHH  CHMOCTH  OT  MOUHpHOrO  COOTHOmeilllH- 

BHMaanBaHiia  b pacxBope  aKppuioimTpiiji:  nojiHBHHUJioBHa  cniipT. 


yBejiHaenne  npoAOJiJKiiTeJibHOCTH  peaKi];HH  ao  6 aac.  bjihhgt 
noJiojKHTGJibHO  Ha  cxeneHb  n;HaH3THJiHpoBaHHH.  ripn  AaJibHet- 
meM  yBeJiHaeHHH  npoAOJiJKiiTejibHOCTH  peaKAHH,  cxenenb  D,HaH- 


Phc.  3,  SaBHCHMOCTB  cTeneiiii  Aiiaii- 
aTHanpoBanHfl  ox  apeMemi  peaKAHn, 


3THJIHpOBaHHH  npaKTHHeCKH 
ocTaexcH  6e3  HSMeneHiiH 
(pnc.  3) 

CxeneHb  KpiicxajiJiHnHOCxii 
nojiHMepa  nenocpeAcxBeHHO 
BJiHKex  Ha  xeneHHe  peaKAiin. 
L|,HaH3XHJIHpOBaHHK)  6bIJI  HOA" 
Beprnyx  nojiHBHHHJiOBbiii 

cnupx  B paSJIHHHOH  (j[)OpMe  II  c 
pasjiiinHOH  cxeneHbK)  KpncxaJi- 
JIHHHOCXH  (xa6ji.  2).  . 

H3  AstHHbix  xa6ji.  2 cjieAyoT, 
nxo  no  Mepe  pocxa  cxenenn  Kpn- 
cxa  jiJiHHHOcxH  peaKAHOHHan 
Cn0C06H0CXb  nOJIHBHHHJIOBOrO 


ennpTa,  a xaKJKe  AOcxiirnyTaa  cxeneHb  n^naHexHAnpoBaHnn  ynenb- 
inaiOTCH.  Ha  ocHOBannH  axoro  mojkho  saKJiionHXb,  nxo  peaKii;iiH 
nnaHBTHJiHpOBaHHH  nojiHBHHiiJiOBoro  cnnpxa  npoxeKaex  npe- 
HMymeCTP^Hjio  na  noBepxHOCxn  nojiiiMepa  n b aMop(|)Hbix  aonax. 
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TaGJiHua  2 


BjiHHHiie  CTeneHH  KpHCxajiJiH'iHOCTii  noaiiBnHHJiOBoro  cnnpxa 
Ha  cxeneHb  4HaH9THaiipoBaHiiH 


nOJlHBHHlIJIOBUfi  CnilpT 

CTeneHb  Bpuc- 

TaJIJlHqHOCTH, 

% 

CTeneHb  unaH*- 
BTHJIHpOBa- 
HHH,  % 

IIoaHMep  

25 

42  ,'5 

Hiitl  OCaJHAGHHaH  . 

‘ 30,- 

35- 

Hhtl  cpeAneBHTfliiyTaH 

40  ■ 

29  • 

Hhtb  CBepxBexflHyTaH 

50,. 

28  . 

HllXb,  BHTBHyTaH  H TepMO$HKCH’ 

poBaHHaa  

70—75 

15  4 

B SaBHCHMOCTH  OT  CTeneHH  I|.HaH3THJinpOBaHHH,  nOJIHBHHHJIO- 
BMH  cnnpT  HBMeHHex  CBOK)  cTpyKTypy,  npeBpain,aflCb  nocTenenno 
B KayHyKonoAo6HyK)  Maccy,  v . 

Ha  pnc.  4 npeACTaBJiena  penTrenorpaMMa  ii,HaH3THJiOBoro 
3(|iipa  nojiHBHHHJiOBOro  cnnpxa  co  cxenenLio  i;naH3XHJiHpoBa- 
HHH  45%. 

PacxBopHMOcxB  nojiHBHHHJiOBoro  cmipxa  B BOAO  yMeHBmaexcfl 
c pocxoM  cxeneHH  n;HaH3XHJiHpoBaHHH  (xa6ji.  3). 

riOJIHBHHHJIOBHH  CHHpX,  B KOXOpOM  lj;HaH3’i;HJIHpOBaHH  35-^ 

40%  rHApOKCHJiBHHX  rpynn,  HepacxBopHM  b BO^e  npn  na* 

rpcBannH. 


Ta6aHi^a  3 


PacTBOpHMOCTb  noaiiBHHHaoBoro  cniipra  b saBiiciiMOCXH  ox  cxenenii 
u,iiaHaxifaHpoBaHHH 


Coflepjba- 

CxeneHb  | 

CofleprbaHne-.N 
B HHaH0TIIJIII- 

CxeneHb 

HHe  N B 1 
HiiaHaTHaii- 

HHaH9TlI- 

JIHpOBaHlIH 

PaCTBOpHMOCTb 

HHaHOTH- 

JIHpOBaHHH 

PaCTBOpiIMOCTb 

pOBaHHOM 

IIOJIIIBHHH- 

IIOJIHBHHII- 

jiOBoro 

B BOAe  npn  60®  ' 

pOBaHHOM  no- 

JIHBHHIIJIOBOM 

nOJlHBHHII- 

jiOBoro 

B BOfle  npH  60** 

JIOBOM 

cnHpxa,  % 

cniipTC,  % 

CHHpXa,  % 

cnnpTe,  % 

2,2 

2,8 

5,5 

.10,0 

PaCTBOpHM 

» 

7,28 

8,0 

31.0 

35.0 

HaOyxaex. 

CHJIbHO 

3,8 

13,5 

9,1  ■ 

42 

HepacxBopHM 

5,0 

19,5 

9,24 

42,5 

5,0 

19,5 

9,38 

44,0 

5,6 

22,5 

HaOyxaex 

9,9 

48,0 
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BjiOKHpoBaHne  35—50%  rpiApoKCHJiBHbix  rpynn  iiojihbhhhjio- 
Boro  cnnpTa  peaKii.Heii  ii;HaHaTHJiHpoBaHHfl  bbabt,  KaK  h b cjiy’iae 
aiI,eTaJIHpOBaHHH,  K HepaCTBOpHMOCTH  B BOAe.  B03M0>KH0,  hto 


Phc.  4. 


TOCJIO  THApOKCHJIbHBIX^  rpynn,  KOTOpoe  JXOJITKHO  6bITL  GjlbKHpOBa- 
HOB  nojiHBHHHJiOBOM  cnnpxe  ajth  Toro,  nToSbi  on  cxaji  nepacxBO- 
PHM  B BOAe,  cocxaBJinex  okojio  35—40%,  nesaBiicnMO  ox  npnpoAM 
peaKAHH,  nocpeACXBOM  Koxopoii  peamsyexca  baoKiipoBanne. 

AMHHonponHjioBbiii  nojiHBHHMOJiBoro  cnnpxa 

BBOAenne  aMnnorpynnbi  b nojiHBHHHJiOBbin  cnnpx  6lijio  ocy- 
mecTBJieno  KaTajiiixnnecKHM  BOccxanOBJienneMGN-rpynnM  b Anan- 
3THJiHp0BaHH0M  nojiHMepe;  npn  axoM  nojiynaexca  aMnnonponn- 
jiobhh  a4)Hp  HacxiiHHO  AiianaxHJiHpoBaHHqro  nojiuBHnnJiOBoro 
cnnpxa  no  peaKAnn: 

R — OCH2  — GH2  — GN  R - OGH2  — CH2  — GH2  - NHs 

CHHxea  aMHHonponnjiOBoro  a(J)Hpa  6bTJi  ocyni;ecxBAeH  b >khakoh 
$a3e,  npn  yMcpennoM  AaBJienHH,  b npncyxcxBHH  KaxaJinaaxopa  — 
HHKeJifl  Penea,  nojiyaennoro  naBecxnbiM  cnoco6oM  [2]. 

PeaKAHH  6HJia  nayaena  na  AnanaxnJiOBOM  a(j)Hpe  nojinBiinn- 
jiOBoro  cnnpxa  co  cxenenbio  AnanaxHAnpoBanna  45  % . IIpHMep  pe- 
AonxypH:  50  3 AnanaxiiJiOBoro  a(|)Hpa  iiojiHBHHnaoBoro  cnnpxa  co 
cxenenbio  AHaHaxHJinpoBaHHH  45%,  12,5  e Kaxaanaaxopa  n 473,5  a 
AHKJioreKcanojia  ,BBOAnJiH  b aBxoKJiaB.  CosAaBaan  naaaabnoe 
AaBaenne  BOAopoAa  20  amM  npn  40°.  Hocae  nepeMeninBanna  b xe- 
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Memre  4 nojiiiMep  npoMHBaJiH  MeraHOJiOM  ii  cymiiJiii.  nojiyncH 

aiMHHOnpOHiUIOBtlH  3<|)Hp  naCTHHHO  IJ,HaH3TIIJIIip0BaHH0r0  no- 

jiiiBHHHJiOBoro  CHHpTa  CO  CTenoKbio  aMKHupoBamifl  35%. 

BjiHHHHe  peaKi^HOHHOH  cpe^H  6mjio  Hsy^eHO  nyxoM  KaTajiiiTH- 
MecKoro  BOCCxaHOBJieHHH  b cpej^e  cnHpxOB,  (j)eriojia  ii  yrjieBO^opo- 
{T.a6jT..  4). 

T a 6 Ji  ir  u;  a 4 

CTeneHb  aMUMiipoBasHH  b BaBHCiiMOCTii 
or  peaKi^HOHHoii  cpeAw 


PeaKUHOHHaa  cpeaa 

CoAepjKaHiie 

aMHHorpynn, 

! % 

Cxerieiib 
aMHHHpo- 
BaHua, % 

OxaHOJi 

1,85 

5,3 

ByTaiioji  ^ . 

2,18 

5,55 

IlHKJioreKcanoji  .... 

7,92 

34,9 

OeHOJi 

2,24 

5,56 

3THJl6eH30JI  ...... 

2,18 

5,55 

yaiiT-cnHpT 

2,64 

5,8 

Ha  xa6ji.  4 cJieAyex,  hxo  hs  bcox  iiayHenHux  BemecxB  miKJio- 
a^eKcanoji  OKaaaJiCH  jiynmen  cpeApH  peaKAHii  KaTajiiiTii^ecKOii 
XHAporeHHaaAHH  u,HaHaxHJiOBoro  a(J)Hpa  nojiiiBiiHUJiOBOro  cniipxa. 

CxeneHb  aMHHHpoBaHna  iiaMenflexca  b aaBiiciiMOcxii  ox  naaajib- 
xioro  AaBJieHHfl  (pnc.  5). 


Jla8jieHue»  awM 

Phc.  5.  CxeneiiB  aMHuiipOBaHna  b aaBucHMOCTii  ot  Ha^ajiLHoro 
flaBJIGHIIfl. 

Oco6eHHO  6ojibmoH  pocx  cxenenii  aMUHiipOBarnrH  OTMenaoxca  i 

B HHxepBajie  15 — 20  arriM^  Korffa  npoiicxoAnx  riiAporeHH3au,iiH 
80%  HHxpHJibHHX  rpynn.  Bo3mo>kho,  hxo  ocxajibHHe  HHxpiiJibHbie 
rpynnbi  He  Bcxynaiox  b peaKAHK)  Aa>Ke  npii  AonoJiHiixejibHOM  no- 
BHineHHH  AaBJieHHH’  BCJieACXBHe  neKoxopbix  npocxpaHCXBeHHbix 
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saTpyAHeHHii.  TeMnepaxypa  peaKi^mi  ne  AOJijKHa  npeBLimaxL 
35 — 40°,  TaK  KaK  npn  6ojiee  bhcokoh  xeMnepaxype  noBtiineHna 
cxeneHii  aMiiHiipoBaHUH  ne  Ha6jiK)Aaexcfl  (piic.  6). 


20  30  UO  50^ 

Tej^nepomqpaX 


W 20  30  UO  50 

hamajiu^amop,  % 


Pnc.  6.  Cxenenb  aMUHHpoBanHH  Phc.  7.  CxeneHL  aMHHnpoBaHHH  b aaBii- 

B 3aBHCiiMOCTii  OT  TeMHepaxypH  CHMOCXH  ox  coAep>KaHHfl  KaxajTHsaxopa. 
peaKD;HH. 

Hpii  iiayHeHim  bjihhhhh  KOHD,eHxpau,im  Kaxajinsaxopa  Sbijio 
ycxaHOBJieno,  hxo  npn  KOHi3;eHxpai^HH  HHKeJia  PeneH  pasHOH  25% 
AOcxiiraexcH  cxeneiiB  aMUHnpOBaHHH  34,9%  (pnc.  7). 

IIpeBpameHHe  hhxphjibhbix 
g WO^  rpynn  b aMHHorpynnbi  yBGJiiiBii-': 

I BaexcH  c pocxoM  cxeneiiii  i^naii- 

f 3XHJIHpOB»HEa  nOJTirBPJHHJIOBOrO 

H j cnHpxa,  BCxynHEicero  b peaKii,HK) 

I 5^’  / (pHC.  8). 

^ / I Eojiinicii  pccx  co;i,ep>KaEim  ini- 

^UO'  xpHJiBEHx  rpynn  oxMeaaexcH  b nn- 

^ xepBajie  cxenenii  x^nanaxnaiipoBa- 

ZO-  hhh  b 25—35%. 

ripoBefleHo  cpaBHHxejiBHoe  113- 

^ ^ ynenne  cbohcxb  nojiHBiiHiiJiOBoro 

CmeneHb  uua^3muJiupo8oHUP,%  cnnpxa  n i^HanaxiuiOBoro  ii  aMii- 

HonponnjiOBoro  a(J)HpoB  nojiiiBnun- 
Piic.  8.  npeBpamemie  rpynn  CN  noBOro  cniipxa  (xa6ji.  5). 

B ISl-ls  B saBHCHMocxii  OT  jicxojs,-  IJHaH3xnJiOBBiii  n aMiiHonponii- 

iioH  cxenenn  nnaHaraJinpoBannH  ^ « x - r 

nOJIIIBHHnjIOBOrO  Cniipxa.  JIOBBIH  3<j[)HpH  nOJIHBIIHIlJIOBOrO 

cnnpxa  co  cxenenBio  saMen^eiiuH, 
npn  KOxopoH  omi  npeBpamaioxcH  b 
KaynyKonoAoSnyio  ivraccy,  hmciot  xeMnepaxypy  pasaoKeniia  na 
20—35°  Bwnie  xeMnepaxypH  pasjiojKeHna  nojiuBMHHJiOBoro  cnnp- 
xa;  3XH  3(|)iipBi  nepacxBopHMBi  b BO^e.  Ejiaro^apa  3Thm  CBoncxsaM 
li;iiaH3XIIJIOBHH  H aMHHOnponnaOBHH  3(j)IipBI  nOJIIlBIIHHJIOBOrO 
cnnpxa  npeflcxaBJiaiox  snannxejiBHBTH  nnxepec. 
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T a 6 Ji  rm  a 5 

CBoiicTBa  iioauBHHiiaoBoro  cniipTa,  uiiaHaxiiaoBoro 
H aMHHonponiiaoBoro  a^apos  noaiiBumiaoBoro  cnHpxa 

UHaHaTnjiOBbiii  AMHHonponiiJio- 
nOJIHBHHHJIO-  B(J)IIp  (CTCneHb  BUfi  <CTe- 

CBOliCTBa  BtlH  CllHpT  BHaHBTajIHpO-  neHB  aMHHHpOBa- 

BaHHH  45%)  Hiia  34,9%) 


TeMnepaxypa  paaJioJKGHHH, 

“C  210  245  . 230 

PaCTBOpHMOCTt  B BOfle  PaCTBOpHM  HepaCTBOpIlM  HepaCTBOpIIM 

B aii;eTOHe  » » » 

» B MeTanoJie  HepacTBopHM  HaGyxaex  Majio  » 

» B ^HMeXHJI- 

^opMaMiifle  » Ha6yxaex  Ha6yxaex 

PacxBopBMocxL  B SeHsoJiG  • » HepacxBopiiM  HepacxBopiiM. 

» BCMGcnane- 

XOH  — BOfla  » » » 

» B cMecii  6eH.aoJi  — 

BO^a  » » . » 

BHetuHiiii  Biifl,  Bejibiii  no-  Kaynyivono-  KaynyKono- 

• pomoK  rtoSnafl  Macca  AoSnan  Macca 


Jl  i i T e p a T y p a 

1.  J.  H.  Mac  Gregor,  J.  Soc.  Degers  Colourists,  67,  66,  1951; 

J u j i r a Takamatsu,  Brevet  Japonais  6962,  1951. 

2.  S.  J.  H i s h i m u r a,  U rush  i 1 a r a,  Bull.  Chem.  Soc.  Jap.,  3,  199,  195*' 


Summary 

The  presence  of  free  hydroxyls  in  polyvinyl  alcohol  presents 
a multitude  of  opportunities  for  changing  the  properties  of  this* 
polymer,  a fact  which-  is  of  considerable  theoretical  and  practical 
interest. 

In  the  report  the  results  are  presented  of  a study  of  the  incor- 
poration of  nitrile  and  amino  groups  in  polyvinylalcohol. 

Despite  the  fact  that  the  cyanoethylation  reaction  has  been 
described  in  the  literature  it  is  still  insufficiently  elucidated.. 

The  reaction  was  carried  out  in  an  organic  medium.  The  pre- 
sent investigation  is  concerned  with  the  effect  on  the  extent  of. 
cyanoethylation  of  the  chemical  nature  of  the  substance  used  as^ 

4h 
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^reaction  medium,  of  the  preliminary  swelling  of  the  polymer,  of 
the  molar  ratio 'of  the  reactants,  and  of  the  reaction  time. 

The  relation  between  the  degree  of  crystallinity  of  polyvinyl 
alcohol  and  its  reactivity  in  the  cyanoethylation  reaction  has 
Ibeen  determined.  It  was  found  that  with  growth  in  crystallinity 
there  is  a fall  , in  reactivity  and  in  extent  of  cyanoethylation. 
It  follows  from  this  that  the  reaction  takes  place  predominately 
In  amorphous  regions.. 

Depending  upon  the  degree  of  cyanoethylation  polyvinyl 
alcohol*  changes  its  structure,  transforming  into  a rubber- like 
mass.  The  solubility  of  polyvinyl  alcohol  in  water  also  falls 
with  increasing  cyanoethylation.  Polyvinyl  alcohol  with  35— 
40%  cyanoethylated  hydroxyl  groups  is  insoluble  in  water  even 
on  heating. 

On  reducing  the  cyanoethylated  polymer  polyaminopropyl- 
vinyl  ether  is  obtained: 

H2 

R — OCHs  — CHa  — CN > R — OCH2  — CHa  — CH3  — N Ha 

The  effect  of  the  reaction  medium,  pressure,  temperature, 
concentration,  type  of  catalyst,  etc.  on  the  degree  of  reduction 
has  been  investigated.  The  greatest  influence  is  exerted  by  the 
degree  of  cyanoethylation  of  the  initial,  polymer. 

Polyvinyl  alcohol  has  been  synthesized,  30 — 35%  of  the  hyd- 
roxyl groups  of  which  are  in  ether  linkage  with  propanolamine. 
The  polymer  is  insoluble  in  water  and  methanol,  is  partially 
^.soluble  in  acetone,  benzene  and  dimethylformamide  and  has  the 
appearance  of  a rubbery  mass. 


Resume 

La  presence  id  Tiydroxydes  fibres  dans  ia  macromolecule  de 
Talcool  polyvinylique  off  re  de  multiples  possibilites  de  modifier 
chimiquement  ce  polymere  avec  des  resultats  theoriques  et 
pratiques  interessants. 

Dans  le  present  travail  on  donne  les  resultats  obtenus  au  cours 
de  r etude  desbreactions  d’ introduction  des  groupements  nitrile 
et  amine  dans  la  macromolecule  de  I’alcool  polyvinylique. 

La  cyanethylation  de  Lalcool  polyvinylique,  bien  que  mention- 
nfe  dans  la  litterature  de  specialite,  a ete  cependant  insuffisam- 
ment  etudiee. 

La  soluMlite  de  Lalcool  polyvinylique  dans  beau  implique 
la  realisaition  de  ia  reaction  dans  un  milieu  organique.  On  expose 

42 
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les  rdsultats  obtenus  dans  1’ etude  de  1’ influence  de  la  nature  chi- 
unique  de  la  substance  utilisee  comme  milieu  de  reaction  du  gonf- 
lement  preliminaire  dii  polymere,  du  rapport  molaire  des  reac- 
■4,ifs  et  de  la  duree  de  reaction  sur  le  degre  de  cyanethyiation.^ 

On  a etudie  I’interdependance  entre  le  degre  de  cristallihite 
•de  I’alcool  polyvinylique  et  sa  reactivite  dans  la  reaction  de  cya- 
methylation.On  a constate  qu’avec  une  augmentation  de  la  cristal- 
linite,  la  reactivite  d4croit  tandis  que  le  depe  de  cyanethylation 
•diminue,  ce  qui  permet  de  deduire  que  la  reaction, a lieu  de  pre- 
ference dans  les  zones  amorphes. 

En  fonction  du  degre  de  cyan  ethylation,  I’alcool  polyvinylique 
anodifie  sa  structure  en  se  transformant  en  une*  masse  caout- 
•chouqeuse.  De  meme,  la  solubility  de  I’alcool  polyvinylique 
•dans  I’eau  diminue  a mesure  que  le  degre  de  cyanethylation 
^ugmente.  L’alcool  polyvinylique  avec  35 — 40%  des  hydroxydes 
•cyanethyles  est  insoluble  dans  I’eau  meme  en  chauffant. 

L’ introduction  du  groupement  amine  dans  I’alcool  polyvi- 
jiylique  a ete  realisee  par  reduction  du  nitrile  du  polymere  cya- 
mythyl4(  obtenant  ainsi  I’ether  aminopropylique  de  I’alcool 
.polyvinylique  partiellement  cyanythjde. 

R — OCH2  — CHa  — CN  — ^ R — OCH2  — CHa  — CHj  NHo 

'On  a etudie  I’influence  du  milieu  de  reaction,  de  la  pression, 
ide  la  temperature,  de  la  concentration  du  catalyseur,  etc.,  sur 
Je  degre  d’amination.  Le  degre  de  cyanethylation  du  polymere 
initial  a une  influence  particulierement  grande. 

On  a syn'thetise  I’alcool  polyvinylique  avec  30—35%  de 
ses  hydroxydes  bloquees  avec  des  cbaines  laterales  qui  contien- 
nent  des  groupements  amines,  insoluble  dans  I’eaii  el  le  metba- 
jiol,  partiellement  soluble  dans  1’ acetone,  le  benzene  et  la  di- 
methylformamide  avec  un  aspect  de  mas'^e  cautchouqeuse. 
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IIpii  Ao6aBJieHiiH  k 9toh  cMecH,  a TaK>Ke  k xjiopO{|)OpMHOMy  pacTBO- 
py  He6ojii>moro  KOJiii^ecTBa  cojihhoh  khcjiotbi  (xaSji,  1)  npoHCxo- 
ji;nT  Gticxpoe  yMenbrnenHe  bjiskocxh,  OHeBHano,  BBiaHsaeMoe  aji- 

vKorojiHSOM  H rH^i;pojiH30M,  KaxajiH3HpyeMBiM  HOHaMH  BOAopo^a, 

;a  B nocjieAHeM  cjiy^ae  — xojibko  niApcJiHSOM. 

T a 6 Ji  II  n;  a 1 

HsMGiieHne  yAejibHoii  BaaKOCTu  pacTBOpoB  nojinKapSonaTa 
npii  KOMHaTHoii  xeMnepaxype. 

IIoaiiMep  npe^BapHTeabHo  nepeocaa?AeH  MeraHoaoM 
II 3 pacTBopa  B xjiopo^opivie 
. (moji.  Bee  59  300) 


BpCMfl, 

qaeu 

HaMeiieniie  yaeabnqft  BfisKocTii,  % ox  Haqajibiioro 
3HaqeHHfi 

CMecb  xriopo(I)op- 
Ma  II  Mexaiiojia, 

80  : 20,  no  o0T>eMy 

xa  me.  CMect  b npH- 
cyxcTBUH  0,12  z 
HCl  S na  100  mji 
pacTBopa . 

XJ10pO(j[)OpM  B npH- 
CyXCTBHH  0.12  3 
HCl  na  100 
pacTBOpa 

0 

100 

100 

100 

.24 

98,2 

48,4 

66,2 

48 

94,6 

33,3 

41,9' 

72 

94,2 

25,5 

32,8 

93 

90,0 

— 

28,9 

-120 

88,1 

14,6 

24,5 

168 

. . 81,9 

4,2 

19,02 

^ floCaBJiHJiii  16%-Hyio  Bonnyio  cojiHuyio  KHCJiOTy. 


T a 6 Ji  n u;  a 2 


ITsMeHeHne  MOJieKyjiapHoro  Beca  noJiHKapGoHaxa  b Ha5yxmeM  coctohhiiii 
nocae  nepeocajK^eHiiH  siexanoaoM  hs  pacxBopa  b xaopoi}jopMe. 
TeMnepaxypa  20°.  CooxHomeHiie  Mexanoa-xwiopo^opM  40:  100,  no  oO-beMy 


BpeMfi  npeObiBaHiin  b na- 
OyxmeM  cocxonHiiu,  qacbi 

1 0 

46 

90 

114 

138 

162 

222 

Ope^HHH  BHCK03HMeTpn- 
HecKiiii  MOJieKyjiflpubiii 
Bee 

74  100 

67  700 

58  900 

57  500 

50  100 

47  100 

31  GOO 

XjiopaHriiApHAHMe  KOnr^eBBie  rpynnH  xaK>Ke  peanipyioT  c Me» 

TaHOJiOM: 

0 0 . 

1!  11 

-'ArOGCl  4-  CH3OH  _ ^ ArO  ~ C ~ 0 — CHg  + HCl 
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noJiHKap6oHaT,  nepeoca>K;i'eHHbiii  MeTaHOJiOM  h3  .cooTBexcTByK)- 
in,iix  pacTBopoB  b xjiopo4)opMe  h np.,  npaKTiiBecKii  ne  coAepjKim 
xjiopa.  ' 

TepMiwecKoe  BbipaBHiiBaHiie 

noJiiiKap6oHaT,  b HacxHOCTH  npHroxoBJieHHHH  II3  2,2-6ho- 
(4-OKCH$eHHJi)nponaHa,  o6jiajj,aex  npn  narpeBaHHH  ero  b pacnjiaB- 
;iieHHOM  cocxOHHHH  npii  270 — 280°  fliOCTaxoBHOn  xepMHBecKOH  cxa- 
6HJibH0cxi>K),  ecJiH  3xy  onepau;HK),  ajih  npe/i;oxBpaii];eHiiB  xepMO- 
OKiicjiHxeBbHOH  ,n;ecxpyKii.HH,  npoHSBOAHx  B BaKyyMe  hjiii  b axMO- 
c^epe  HHepxHoro  rasa  (xa6ji.  3).  IIoxepH  b bgcg  sa  6 nacoB  npnaxoMi 
He  npeBHinaex  1,5 — 4%. 

T a 6 a im  a 3 


HarpesaHiie  noaHKapSoHaxa  b BaKyyMe  npii  270° 


CpeHHHfi  BHCKOSHMeTpHHeCKHft  MOJlCKyjlHpHbltt  BCC  npw 
paa.iHHHoii  nposojiwHTeJiLHocTH  HarpeBaHHH 

<^paKmifl  nojiiiMepa 

i 

na- 

rpeBa- 

HUH 

10  MHH. 

30  MIIH. 

1 nac 

2 naca 

1 

3 Maca 

4 ^aca  ; 

6 qac:. 

I,  flo  nepeocajKAG' 

HUH  . . w . . . 

49  200 

36  300 

28  200 

22  400 

29  500 

34  300 

26  600 

i5  0oa« 

1,  noc.ae  nepe- 
oca>KAeHiiH  . . 

44  600 

37  200 

34  000 

29  500 

22  300 

22  300 

20  700 

18  200^ 

11,  ^^o  nepeoca>KAe- 
niifl  ...... 

41000 

41  700 

25  700 

26  500 

18  400 

22  700 

20  400 

1 67.000r 

II,  nocjie  nepe- 

OCaH<fleHHH  . . 

53  700 

42  700 

22400 

19  1001 

23  000 

1 

1 

17  400 

20  700 

11  000> 

HarpeBaHiie  b BanyyAie  npn  350°  conpoBOJKAaexca  3HaBiixeab- 
HOH  ^ecxpyKi^Heii.  OSpasyexca  neKoxopoe  KOJinaeoxBO  MacjiooSpaa- 
HHX,  jiexyBHX  B BaKyyMe  BHCOKOKimani^HX  npoflyKXOB,  BWflejiHexcH 
7i;ByoKHCb  yrjiepo^a.  KojiHBecxBO  nocaeAHen  3a  1 aac  cocxaBHJio* 
B oji,HOM  H3  ,onbixoB  10,9%  no  oxHomeHHK)  K o6in,eMy  ee  coAepjKa- 
HHK)  B nepBOHanaJibHOM  nojiHMepe.  Hpn  axoM  anaBHxejibHO  yMenb- 
niiiJiacb  pacxBopHMOCXb  Hejrexynero  ocxaxKa;  ona  cocxaBHJia  55%.- 
CpeflHHH  MOJieKyjiHpHiJH  sec  pacxBopnMoii  nacxH . nOHHSHJicHt 
c 27  600  AO  5000.  3xh  AaHHbie  yKasbiBaiox  na  npoxeKanne  npii. 
AecxpyKAHn  nojiiiKap6oHaxa,  no-BHAHMOMy,  cBoSoAHopaAnKaJibHux. 
npoAeccoB,  conpoBOHCAaion^nxcH  o6pa30BaHHeM  xpexMepHuXv 
cxpyKxyp. 

B npoAecce  njiaBJieHHH  naSjiioAaexcH  BbipaBHHBaHne  (|)paKi;HOH- 
Horo  cocxaBa  nojiiiMepa*(xa6ji.  4)*,  CBasaHHoe  c npon,eccaArii  Me>K- 

46  ’ 
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MOJieKyjiapHOH  nepe3Tepii(|)iiKau,iiii  hjih  3(j)iipojin3a,  KOToptiij., 
KaK  ii3BecTHO,  noABepjKGH  pflA  reTepoij,enHLix  nojiiiMepoB. 

T a 6 ji  II  n;  a 4 


Bjiiiiiiiiie  BbipaBHiiBaHHH  BpacnjiaBena  ^JpaKuiioHHbiii  cocxaB  iiojinKapSoHaTa^ 


OepaCoTKa  oGpasiia 
noaHKapOonaTa 

Blixoji  $paKiiHfi  npH 
nepeocawjieHHii  nex- 
pOJiefiHBIM  8(J)HpOM  H3 
2%-HIiIX  paCTBOpOB  B 

xjiopo$opMe 

MojienyjiHpHuii  Bee  noJiii- 
KapOoHaxa  bo  (JpaKniiHx 
(BiiCHoanMexpHMecBiiM) 

I 

II 

III 

IV 

V 

I 

II 

III 

IV  j 

1 ^ 

nnaBJiGHHH  (moh.  bbc 
61  700)  

70,8 

2.9 

11,00 

2,8 

6,8 

67  700 

34  700 

9800 

4200 

o 

o 

CO 

IlJiaBjieHHC  10  MHH.  npir 
270°  (moji.  Bee  58  900) 

80,9 

4,4 

5,4 

2,8 

5,6 

55  000 

21000 

3300 

o 

o 

CO 

CO 

1400^ 

rijiaBJieiiHe  1 aac  npii  270° 
(moji.  Bee  28  200)  . . . 

92,8 

3,4 

1.0 

2,8 

24  600 

11000 

6700 

2000 

TepMHaecKoe  BLipaBUMBaHiie  b pacnjiaBe  MO>KeT  Ghtb  Tana^e- 
0xapaKTepM30BaH0  no  yMenBrneHiiio  coAepH^anrifl  HiisKOMOJieKy- 
jTHpHbix  (c  MOJi.  BecoM  flo  5000—10  000)  (J)paKii,iiH,  yflajiHeMBix: 
npii  3KCTpaKii,Hii  H3MeJibBeHHoro  nojiHMepa  KiinaiAiiM  ai^eTOnoM.: 
(Ta6a.  .5). 


T a 6 Ji  II  n a 5 


KojiH'iecTBo  pacTBopiiMbix  B auejoiie  ({ipabuiiii  b iiojiiiKapGoHaTc 


OOpaOoTBa  HOjniMepa 

CpeflHiiii  MOJieiiy- 
jiHpHbiii  Bee 

KoJiinecTBo  Be- 
uieoTB,  pacTBopii-  ■ 
Mbix  B anexoiie,  %. 

riopomKOoGpaaiibiii  ;^o  oOpaOoxKii  . . 

53  600 

6,7 

To  JKe,  njiaBJieHBbiH  1 ^lao  npii  270° 

13  500 

2,9 

noponiKOoGpasHwri,  nepeoeajKACH  ai;e- 
TOHOM  113  paCTBOpa  B xjiopo^opMe  . . 

59  900 

6.7 

To  me,  njiaBjiCHiibiii  1 nac  npii  270° 

20  200 

1,4. 

B peayjiLTaTe  BbipaBHiiBaHna  cxenenb  CHii>KeHiia  cpeAHerG^^^ 
Moa.  Beca  (BncKoaiiMeTpiiHecKoro)  b saBiiciiMOCTH  ot  (|)paKii,noHHO- 
ro  cocTasa  MO>KeT  Omtb  pasJiHHHOH.  KoHeanue  SHaaemia  jmoji. 
Beca  cooTBeTCTByK)iii,HX  o6pa3n,OB  cocxaBJiaioT  35  000— 

50  000. 

npoii;ec#  BLipaBHHBaHHa  paccMaTpiiBaTBca,  Kan  npo- 

TGKaiomHM  c coxpaneHHeM  cpeAHeancjiOBoro  moji.  .Beca. 
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J^onojiHHTeJibHaa  nojiiiKOHj];eHcau,Hfl  nojinKap6onaTa 
B pacnjiaBJicHHOM  coctobhhh 

Ilpn  BHpaBHHBaHHH  MOJKCT  npoHCxoAHTb  CHH>KeHHe  cpBAHero  Bll- 
^KosHMexpHnecKoro  MOJieKyjiHpnoro  Beca,HO,  b phag  cjiy;5aeB,M0H<H0 
Ha6jiK)AaTb  ero  BOspacxaHHe.  Moryx  npoxenaxL  Asa  npoAecca:  bbi- 
paBHHBaHHe  h AonojiHnxejibHaa  KOHAencaAHH.  B cjiy^ae  npeoo- 
jiaAaiiHH  nocAGAHeH  nponcxoAHx  BOBpacxanHe  cpeAHe^ncjiOBOro 
MOJi.  Beca.  IIojiHMep,  nojiyneHHHH  npn  rexepo(|)a3HOH  nojiHKOHAeH- 
vcaD;iiii,  coAepjKHT  KOHAeBHe  xjiopanrnAPHAHHe  rpynnH.  B npo- 
ii;ecce  njiaBJieHHH,  b oco6eHHOcxH  conpoBOJKAaioiAerocH  noBBime- 
imeM  MOJieKyjiapHoro  Beca,  coAepJKaHne  xjiopa  b nojiHMepe  yMenb- 
maexcH.  CnpaBeAcfiiiBO  npeAnojiOH<HXb  Hajiiinne  nojiiiKOHAencaAmi, 
BKJiio^aioiAeH  BsaHMOAencxBHe  KOHii;eBbix  xJiopanrHApHAHbix 
H niApoKCHJibHbix  rpynn. 

B nojibsy  axoro  roBOpnx  iiccjieAOBaHHLiii  hbmh  npOAecc  nojiii- 
KOHAeHcau,HH  2,2-6HC-(4-OKCH(j)eHHJi)nponaHa  c ero  6HC“XJiop- 
KapSonaxoM.  IIocJieAHHH  6biJi  CHHxesHpoBaH  no  peaKi^naM: 

0 

II 

2COCI2  + (NaOC6H4)2G  (CHs)2- 2NaCl  + (GIG  — OG6H4)2  C(GH3)2 

B cpe^e 
Tojiyojia 

iijiii 

0 

20®  li 

2GOGI2  + (H0C6H4)2G  (CH3)2 ^ 2HGI  + (GIG  — OC6H4)2G  (GH3)2 

napHAHH, 

XJIOPO$OPM 

BHC-xjiopKap6oHax  neperonnexcH  b Banyyivie  npii  218°  11  7 mm  px. 
cx.,  oSpasya  6ejibie  KpncxajiJibi  c x.  njiaBaeioia  87—88°,  coAep>Ka- 
HHOM  Cl  = 19,9%  (BbiancjieHHOe  ajih  C17H14O4CI2  coAepjKamie 
€1  = 20,07%). 

ripn  HarpeBaHHH  6HC-xJiopKap6oHaxa  c ahc^ghojiom  b xeae- 
Hiie  4 aac.  c nocxeneHiiHM  noAx>eMOM  xeMnepaxypbi  c 150  ao  260° 
BHAGJiaexcH  xjiopiicxbm  BOAopoA  b KOJinaecxBe,  oxBeaaioiAeM  iie 
Menee  58%  coAep>KaiAeroca  b 6HC"XJiopKap6oHaxe.  Moji.  Bee  npo- 
AyKxa  KOHAeHcan;HH  cocxaBJiaex  8000.  Xlpn  npoBeAemoi  peaKii,HH 
B pacxBope  B HHxpo6eH30Jie  aerKO  noayqaexca  noaiinep  c Moaeay- 
aapHHM  BecoM  20  000 — 30  000. 

B xa6a.  6 npeAcxaBaenH  pesyabxaxbi  ohhtob  no  AonoaHHxeab- 
HOH  KOHAencaAiiH,  conpoBO^KAaioinencB  oxiAenaenneM  xaopnexoro 
BOAopoAa,  AJi>i  AByx  o6pa3i];oB  noaHKap6oHaxa. 

noamviep  nocae  AonoanHxeabHoii  KOHAencaAnn  mojkot  coAop-* 
jKaxb  snaaiixeabHO  6oabmee  KoanaecxBO  Cl,  AOxoAain,ee,  naopn- 
Mep,  AO  1%.  XaopaHruAPHAHbie  KOHu;eBbie  rpynnbi  xepMnaecKH 
cxa6HabHH. 
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T a 6 Ji  i m a 6 

AonowiHHTeabHaH  KOH^eHcai^nH  npn  270°  nojinKapSonaTa  c OTmenaemieM  HCl 


HaMeHCHHH  npH  pasjiHHHOii  npoAOJia^HTejiLHocTU  KOHfleHcaanM 


AO  HarpeBaHHflj 

I 30  MHH. 

I 60  MHH.  I 

1 90  MHH. 

I 

II 

I 

II 

I 

II 

I 

II 

26  700 
25  700 

0,74 

0,54 

53  700 
33  800 

CjieflH 

0,38 

59000 

93300 

CJieAH 

CjieAH 

95  500 
112  000. 

Gjigam 

Gjigah 

97  700 

GaeAH 

IIpHMeHaHiie.  1 — MoaeKyjiHpHLm  aec;  II  — coAep^aHne  niApoan- 
syeMoro  xjiopa,  %. 


Bo3mo>kho,  hto  OTmenjieHHe  HCl  b HenoTopHX  cjiynanx  iie 

HBJIHeTCH  eAHHCTBeHHHM  pesyJIbTaTOM  AOnOJIHHTCJIBHOH  nOJIH- 
KOHAeHcaii;HH  nojiHKap6oHaTa.  ripn  nojiyneHHH  nocjieAHero  npn 
B3aHMOAeHCTBHH  AH(|)eHHJIKap60HaTa  C 2,2-6HC-’(4-OKCH$eHHJl)- 
nponaHOM  hbm  yflajiocL  Ha6jiroAaTi>  b KoneTOOH  ctbahh  (narpeBa- 
HHe  B BaKyyMe  npn  280 — 290°)  noHBJieHne  OTcyTCXBOBaBinero  ao 
3Toro  He6ojibinoro  KOJiH^ecTsa  cy6jiHMaTa  A^HHoro  AH(J)eHOJia. 
9to  AG'JiaeT  b KaKOH-To  cxenenH  BepOHXHbiM  npoxeKaniie  b onpeAe- 
jieHHbix  ycjiOBHHX  KOHAencaAHH  no  peaKAHn: 

0 ^ 0 

II  I I . II 

^ 0 — C y 0 — C6H4C  (CH8)2G6H40H  + HOG6H4C  (GH3)2G6H40G0^-' 

o 

II 

—y  HOG6H4G  (GH3)2C6H40H  -f-  0 — C — 0 — G6H4G  (GH3)3  — 

0 

II 

— G6H4— 0 — G — 0- 


Me>KAenHOH  oSmch  11  nojiyMeHne  CMemaHHwx  nojma^upoB 

BHCOKaa  peaKAiiOHnaa  cnocoSnocxb  nojiHKap6oHaxa  b pac- 
riJiaBJieHHOM  cocxohhhh  npn  xeMnepaxype  okojio  300°  a Bbime, 
npoaBJiaioiAaaca,  b aacxHOCxn,  b peaKAnax  AonojiHHxejibHoii  koh- 
AencaASH  h BHpaBHHBaHna,  ne  orpaHaaHBaexca  3xhmh  npHMepaMHa 
B peayjibxaxe  cnjiaBJieaHa  co  cjigh^hbim  nojiH3(|)HpoM,  nojiHxepe- 
(j[)xajiaxoM  2,2-6Hc-(4-OKCH(|)eHHJi)npbnaHa 

. [-  O2GG6H4GO2G6H4G  (GH3)2G6H4 

4 Sanaa  414  /q 
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npH  340°  nojiy^eH  CMeniaHHHH  nojiH9(J)Hp;  o6  3tom  CBHAeTejihCTBy- 
eT  noBLimeHHaH  pacTBopnMOCTL  npo^yKTa  peaKi];HH  b xjiopo(J)opMe; 
HCXO^HHH  Tepe(|)TaJiaTHBIH  IIOJIH3(|)Hp  B HGM  HepaCTBOpHM.  KpOMe 
TOrO,  H3  paCTBOpHMOH  HBCTH  HOJIUMepa,  HOCJie  OMHJieHHH  BBO 
KHriHmHM  CnnpTOBLIM  paCTBOpOM  BAKOrO  Kajin,  BBI^BJIBHa  TBpB^xa- 
JIBBafl  KHCJIOTa  B KOJIHHBCTBB,  6jtH3KOM  K 6B  COflBpJKaHHK)  B 3BBHb- 
flX  II0JIH3$Hpa,  BOmBflinHX  B COCTaB  paCTBOpBHHOH  $paKIl,HH. 

B TaSji.  7 npHBB/UBHH  pBsyjibTaTiJ  oheitob  nojiynBHHH  CMBinaii- 

Horo  nojiH3(|)Hpa. 

TaSjiHnia  7 

CnjiaBneHHB  npn  340°  (b  BaKyyMe)  noanKap6oHaTa 
2,2-6HC-(4-oKCH$eHHji)nponaHa  c ero 
noaHTepe^TajiaxoM 

CoAepHtanne  nojinTepe(|)TajiaTa  b hcxoahoh 
‘ CMecH  30% 


npoaojiJKH-  KoJTHnecTBo  He-  CTeneHb  npeBpamenna 
TCJlbHOCTb  paCTBOpHMOrO  HCpacTBopuMoro 

cnjiaBJicHHH,  ocxaTKa  nocjie  noHHTepe^TanaTa 

MHH.  cnjiaBJiCHna,  % ® pacTBopnMyio  (pop- 

My.  % 


10  ‘ 19,7  ' ■ 42,4 

20  16,5  • 55 

30  11,0  75, '5 

60  . 01  ' 1002 


1 B APyroM  cjiyqae  11,0%; 

2 B ApyroM  cJiyqae  45,5%. 

Mo5kho  nojiaraTB,  hto  nojiHKapSoHaTti  Moryx  npoKBHTL  bli- 
coKyio  pBaKn;HOHHyK)  cnocoOnocTb  h npn  BsaHMOABHCTBHH  c phaom 
Apyrax  rBTBpOABHHHX  nOJIHMBpOB. 

ABTopti  BHpajKaioT  6jiar0AapH0CTb  B.  B.  Kopniaby  h G.  JI.  Bh- 
HOrpaAOBPH  3a  npBAOCTaBJiBHHLiii  ajih  nccjiBAOBaHHH  o6pa3Bn; 
nojiH3(|)ilpa. 

0 ' . JlHTepaxypa 

1.  H.  S c h n e 1 1,  Angew.  Chemie,  68,  633,  1956. 

2.  H.  S c h n e 1 1,  Industr.  Engng.  Chem.,  51,  157,  1959. 

3.  W.  Hechelhammer,  G.  Peilstocker,  Kunststoffe,  49, 

3,  93,  1959. 
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Summary 

Polycarbonates,  in  particular  the  most  technically  popular 
among  them  as  polymeric  material,  poly-4, 4'-*bis(hydroxyphenyl)-‘ 
2,2-propane  carbonate,  are  distinguished  by  their  thermal  stabi- 
lities and  may  be  processed  at  temperatures  about  300°.  The  pre- 
sent report  deals  with  some  chemical  conversions  of  this  polymer, 
taking  place  in  solution  and  in  ‘ the  molten  state. 

Alcoholysis  and  Cleavage  of  Polycar- 
bonates. In  the  fractional  precipitation  of  the  polymer  from' 
chloroform  solutions  by  methyl  alcohol  an  enhanced  yield  in  the 
low  molecular  fraction  is  observed,  the  latter  continually  forming 
even  on  repeated  precipitation.  Jf  a small  amount  of  methanol, 
insufficient  to  precipitate  the  polymer,  is  added  to  the  chloro- 
form solution  a gradual  fall  in  viscosity  is  observed,  that  does  not 
occur  in  absence  of  the  alcohol.  The  reaction  is  accelerated  in  the 
presence  of  hydrogen  chloride.  Such  precipitants  as  acetone  and 
petroleum  ether  do  not  cause  this  effect.  Alcoholysis  is  a charac- 
teristic reaction  of  the  polycarbonates,  taking  place- at  a relati- 
vely high  rate. 

An  alcoholic  solution  of  alkali  will  decompose  the  polycarbo- 
nate at  room  temperature  and  especially  rapidly  (within  a few 
minutes)  on  boiling.  In  this  way  one  may  obtain  with  high  yield 
bis- phenol,  used  for  the  synthesis  of  the  polymer. 

Thermal  Trimming.  The  melting  of  polydisperse 
polycarbonates  (ca.  300°)  in  the  absence  of  atmospheric  oxygen 
leads  to  a very  rapid  (10 — 60  minutes)  levelling  of  the  molecular 
chain  lengths  and  hence  to  decrease  in  polydispersity  (according 
to  fractional  precipitation  data),  causing  a corresponding  fall 
in  the  viscometrically  determined  molecular  weights.  Such  level- 
ling annuls  the  harmful  effect  of  the  low  molecular  fractions  on 
the  properties  of  the  material.  At  higher  temperatures  (350°)' 
decarboxylatioii  (evolution  of  CO2)  is  quite  marked  and  the  for-^ 
mation  of  a certain  amount  of  three-dimensional  polymer  may  be 
observed. 

Further  Condensation.  Polycarbonates  pre- 
pared by  the  heterophase  polycondensation  of  phosgen  with 
phenolates,  for  instance,  4, 4’-bis(hydroxyphenyl)-2, 2-propane 
and  containing  hydroxyl  and  acyl  chloride  end  groups  are  capable 
of  undergoing  further  polycondensation  on  heating  to  270—300° 
for  30—60  minutes  or  more.  Hydrogen  chloride  is  evolved.  As 
a result  the  mean  viscometric  molecular  weight  may  increase 
3 — 4 fold  in  comparison  with  the  initial  compound. 

Additional  polycondensation  in  the  melt  may  also  proceed  by 
another  pathway,  without  hydrogen  chloride  evolution  but  as 
the  result  of  the  elimination  of  a certain  amount  of  4,4’-bis(oxy-  • 
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phenuyl)-2, 2-propane  on  end  group  interaction.  This  reaction  is 
catalyzed  by  small  quantities  of  titanium  alcoholates. 

. Exchange  between  Chains.  The  high  lability 
of  the  ester  links  in  polycarbonates  may  also  be  illustrated  on  the 
example  of  the  interaction  between  these  polymers  and  other 
esters,  in  particular  with  poly-bis(phenyl)-2,2-propane6  te- 
rephthalate  (— OC6H4  — C(CH3)2C6H4  — 0 — CO  — CH4  — 
— CO— 0),  the  reaction  taking  place  without  catalyst  at  t mpe- 
ratures  above  300°  results  in  a mixed  polyestercarbonate  with 
composite  properties. 


Resume 

Les  polycarbonates,  notamment,  le  polycarbonate  4,4-bis- 
(oxyphenyle)-2, 2-propane  qui  est  le  plus  connu  comme  materiel 
polymerique,  precieux  du  point  de  vue  technique,  se  distinguent 
par  une  bonne  resistance  a chaud  et  a luiniere  et  sont  susceptib*- 
les  de  traitement  a 300°  environ. 

Les  donnees  concernant  certaines  conversions  chimiques  de 
ce  polymere  qui  se  deroulent  en  solutions  et  en  fusion  sont  don- 
nees dans  ce  rapport. 

L'acoolyse  et  le  clivage  de  polycar- 
bon a t e.  A la  reprecipitation  fractionnel  du  polymere  a partit 
des  solutions  en  chloroforme  par  Talcool  methylique  on  observe 
un  rendement  eleve  des  fractions  a bas  poids  moleculaire  que  se 
forment  sans  cesse  meme  a reprecipitation  reiteree.  En  addition- 
nant  a la  solution  de  polymere  en  chloroforme  quelque  quantite  de 
methanol,  insuffisante  pour  precipiter  le  polymere,  on  observe 
une  reduction  successive  de  viscosite  de  solution,  qui  n’a  pas  lieu 
en  Tabsence  de  methanol.  La  reaction  s’accelere  en  pr&ence 
d ’hydrogene  chloreux.  Les  precipiteurs  ainsi  que  I’acetone  ou 
1 ’ether  de  petrole  ne  cause  pas  Taction  indiquee.  L’alcoolyse  est 
une  reaction  propres  aux  polycarbonates  qui  se  deroule  a vitesse 
relativement  haute. 

L’alcali  alcoolique  a temperature  ambiante  et  surtout  a tem- 
perature d ’ebullition  (en  quelques  minutes)  decompose  le  poly- 
carbonate. Ainsi  on  reussit  a facilement  separer  un  grand  rende- 
ment en  bis-phenol,  utilise  pour  synthetiser  le  polymere. 

Le  nivellement  thermique.  A Talliage  en 
I ’absence  d’oxygene  d’air  des  polycarbonates  polydispersifs 
(environ  300°)  on  observe  un  nivellement  assez  rapide  (pendant 
10—60  minutes)  de  longueur  des  chaines  polymeriques  ce  qui 
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aboutit  a la  diminution  de  degre  de  polydispersite  (selon  les  don- 
nees  du  fractionnement  moyennant  la  precipitation)  et  cause  une 
diminution  correspondante  de  poids  moleculaire  moyen  trouve 
viscosim^triquement.  Le  nivellement  pareil . permet  de  niveler 
1 influence  nuisible  des  fractions  legeres  qui  exercent  une  action 
infavorable  sur  les  proprietes  du  materiel.  A temperature  plus 
haute  (350°)  on  observe  une  decarboxylation  sensible  (le  d%age- 
ment  de  CO2)  et  la  formation  de  quelque  quantite  de  polymlre 
tridimensionnel. 

Condensation  supplementaire.  Les  poly- 
carbonates prepares  moyennant  la  polycondensation  heteropha- 
see  par  interaction  du  phosgene  avec  des  phenolates  ainsi  que 
4, 4-bis-(oxyphenyle)-2, 2-propane  contenant  des  groupes  termi- 
neux  hydroxyles  et  ceux  de  chlorure  d’acide  sont  susceptibles 
d’etre  soumis  a la  polycondensation  supplementaire  h 270 — 300® 

pendant  30—60  minutes  et  plus.  Ici  a lieu  le  clivage  d ’hydrogene 
chloreux.  , o ^ s 

Ainsi  le  poids  moleculaire  moyen  trouve  d’une  maniere 
viscosimetrique  peut  augmenter  de  3—4  fois  par  rapport  a I’ini- 
tial. 

La  polycondensation  supplementaire  en  fusion  peut  egalement 
se  derouler  et  d’une  autre  fa^on,  sans  degager  I’hydrogene  chlo- 
reux a cause  de  separation  de  quelque  quantite  de  4,4-bis(oxy- 
phenyle)-2, 2-propane  a I’interaction  des  motifs  termineux.  Cette 
reaction  est  catalysee  par  de  faibles  quantites  d’alcoolats  de  ti- 
tane. 

E c h a n g e e n t r e c h a i n e s.  Une  haute  labilite  des 
liaisons  esterifiees  dans  les  polycarbonates  peut  etre  aussi  illust- 
ree  en  utilisant  a titre  d’exeinple  Uinteraction  de  ces  polymeres 
avec  d^autres  esters,  notamment,  avec  le ' poly-bis*(phenyle)- 
2,2-propane-terephtalates  (~  0 -C6H4-  G/CH3/2C6H4-  O-^GO- 

G6H4  GO — 0).  Par  suite  de  conversion  qui  s^effectue  sans 
catalyseur  a temperature  superieure  a,  300®  un  polycarbonate  ayarit 
des  proprietes  combinees  est  obtenu. 
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XHMnHECKOE  BSAHMOflEMCTBHE  H MEXAHH3M 
AKTHBHPyiOmErO  JI,EnCTBHfl  aBOMHblX  CMCTEM 
yCKOPHTEJIEfl  ByjlKAHH3An,HH 

I>.  A,  o z a d mi  ?f,  31*  C^^e^/ivdiunieun,  3,  H ^ I>  c n e e a 

(CCCP) 


B TeXHOJIOrHHGCKOH  npaKTHKG  niHpOKO  npHMGHHIOTCH  ABOlinBIG 
CWCTGMH  yCKOpHTGJIGH,  o6GGneTOBaK)IIi;H6  SOJIGG  a^^eKTHBHyK)  Byjl- 
KaHH3aH,HK)  no  CpaBHGHHIO  C HX  paSAGJIbHblM  npHMGHGHHGM.  MmGK)- 
mHGCH  JIHTGpaTypHHG  AaHHHG  Oe^bHCHHIOT  nOBBimGHHyK)  aKTHB- 
HOCTb  ^BOHHHX  CHCTGM  06pa30BaHHGM  HJIH  9BTGKTn^eCKHX  CMGCGH, 
HjiH  cojjeo6pa3HHX  coGAHHGHHH,  o6jiaAaK)in,HX  jiyHinoii  pacTBopia- 
MOCTbK)  B Kay^iyKe  n 6ojibmGM  xhmhhgckoh  aKTHBHOCTbio  [1]. 
TaKoe  oSbflCHGHHG  HaM  npGACTaBJineTCH  HG;];ocTaTOiiHbiM. 

PaCCMOxpGHHG'  3KCnCpHMGHTaJIbHLIX  0 KHHGTBKC  Byjl- 

KaiiHsai^HH  B npHcyTCTBHH  pasJiHTOHX  coHGTaHnii  HaH6ojiGe  pac- 
npocxpaHGHHHX  ycKopnxGJiGH  iio3BOJiHex  paaAOJiHxb  abohhbtg  cn- 
cxGMbi  Ha  xpn  rpynnbi: 

1)  CHCXGMH  C B3aHMHOH  aKTMBaB,HeH  yCKOpHXGJlGH  (pMC.  l,a); 

2)  CHCXGMH  C aKXHBai^HGH  OAHOXO  yCKOpHXGJIH;  ByJlKaHH3ai;HOH- 
lian  aKTHBHOCXb  XaKHX  CHCXG.M  HG  npGBOCXOAHX  aKXHBHOCXH  BXOAH- 
iB,Gro  B CHCTGMy  HanSojiGG  CHJiBHOro  ycKopHxejiH  B cjiynae  ox^GJib- 
Horo  Gro  npHMGHGHHH  B 3KBHMOJIHpHOH  KbHIJ,GHXpaii;HH  ■ (pHC.  1,6). 

3)  CHCXGMH  C aAABTHBHHM  AGHCXBHGM  yCKOpHXGJIGM  (pHG.  1,,  0). 
K nepBOH  rpynnc  oxhochxch  chcxgmh,  cocxohiahg  h3 

AOB  H MGpKanxaHOB  C OpraHHHGCKHMH  OCHOBaHHHMH,  a xaiOKG  H3 
AHcyjib^HAOB  H cyjib^enaMHAOB;  ko  Bxopoii.—  coHexja.HHH  cyjib(J)eii- 
aMHAOB  c OpraHHHGCKHMH  OCHOBaHHHMH*,  K xpGXbGH  — COHGXaHHH 
cyjib^GHaMHAOB  H AHcyjib(j)HAOB  c MOHOcyjib(J)HAaMH,  a xaK>Ke  ycKO- 
pHXGJiGH,  npHHaAJio>Kani,HX  k oflHOMy  KJiaccy  xhmhhgckhx  cogam- 
HCHHli.  . . 

BcCbMa  npHMGHaXGJIbHHM  $aKXOM  HBJIHGXCH  xb;  HTO  KHHGXHKa 
ByjiKaHHsaAHH  b npHcyxcxBHH  aKXHBHHX,  chctgm  1 H 2”0M  rpynn 
ooJiaAaex  HanaJibHHM  nopnoAOM  aaMGA^ionnoH  ByjiKaHHsaAHH,  b ko- 
xopoM  cKopocxb.  npoAGCca  (pnc.  2)  oKasHBacxcH  MGHbrae  cKopocxH, 
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PlTC.  L J^e&CTBHe  ABOHHHX  CHCTeM  yCKOpH- 
TeJiGH  iipH  ByaKaHH3ai|HH  naTypajiLHoro 
Kay^Ka 

a — HH-2-6eH30THa3HaflHcyjib(tnf;r  (ABTH)— 
ryaHHflHH  (QOF);  6 — aHKJioreKcnji-2*0eH3OTHa- 
soJicyjib^CHaiHHH  (cyjib(|)eHaMHfl  H)~-JX<Dr;  6—N,N“ 
JlH3THJI-2-6eH30THa30JICyjIb(J)eHaMHH  — TeTpaMeTHJITH- 
ypaMMOHocyjib(J)HA  (TMTM).  "^ircjia  na  BpHBbix  060- 
SHa^aiOT  npoAOJTwHTeJibHocTb  ByjiKaHHaaaHH  b MHay- 
lax;  nyHKTHpHbie  anHHH  cooTBercTByioT  ajmnTHBHOMy 
fleiicTBHro  ycKOpHxejiea. 

06 


xapaKTepHOpi 
AHTHBHOrO  A^mctbhk 

ycKopHTejieii.  ^pyraMH 

CJIOBaMH,  B HanaJltPIOM 
CTaAHH  npH  lieKOTOpOM 
COOTHOmeHHH  -yCKOpHTe- 
jteii  HaSjiiOAaeTCH  hx 
BaaHMHoe  HurnGHpoBa- 
HHG  H JIHIBB  B HO  C JIG  Ay- 
K)iAHX  craAMX  hmggt 
MGCTO  pG3KOG  nOBbimGHHG 
aKTHBHOCTH  CHCTGMpi.  3tO 
Ha6jIK)AGHHG  nOBBOJTHGT 
CAGJiaTb  BMBOA,  HTO  B na- 
HajiBHOH  cTaABH  Harpe- 
BaHHfl  ByjIKaHHSyGMOH 
CMGCH  yCKOpHTGJIH  B3aH- 

MOAGHCTByiOT  Apyr  c Apy- 
roM,  o6pa3ya  mghgg  an- 

THBHHH  B OTHOIUGHHH 

KayayKa  h CGpH  komh- 

JieKC,  KOTOpHH  B nOCJIG- 

AyioiAGM  pacnaAaeTCH  c 
o6pa30BaHHeM  cbo6oa- 

HLIX  paAHKaJIOB,  HllHAH- 
HpyioiAHX  peaKUHH  Kay- 
HyKa  c cepoH  [2]  Hpoan- 
AHH  CTpyKTypapoBaimB 
(nOJIHMGpB3aAHH)  MOJIG- 
KyjinpHHX  Aenen  Kay- 

MyKa  [3]. 

XhMHMGCKOG  B3aHMO- 
AGHCTBHG  yCKOpHTGJIGH 
aKTHBHHX  CHCTGM  1 H 

2-oh  rpynn  o6Hapy>KHBa- 
GTCH  npH  HarpeBaiiHH  hx 
B KCHJIOJIG  H KCHJIOJIBHOM 
pacTBope  KayqyKa.  TaK, 
npH  HarpGBaHHH  b kch- 

JIOJIG  CMGCH  H3  AH”2-6gH- 

30THa3HJiAHcyjib(|)HAa  h 
AH^GHHjiryaHHAHHa  npo- 
HCXOAHT  aaMGTHoe  o6pa- 
30BaHHe  2-MepKanTo6GH- 

30THa30Jia  (pHc.  3).  B 
3TOM  GJiynae  AOiiopoM  bo- 
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Aopo^a  A-an  BOCCTanoBJienHH  A^'icyjib(|)MAa  hujirojch  AH(|)eHHjiry~ 
aHHAHH.  IlpH  HarpeBaHHH  AH-2-6eH30Tiia3HJiAHcyjibtj)HAa*  c ycKO- 
pHxejiflMH  Kjiacca  cyjib(j)eHaMHAOB,  nanpHMep  c N-AHKjioreKCHji-2- 
6en30THa30Jicyjib$eHaMHAOM,  o6pa30BaHHe  MepKanxana  naSjiio- 
Aaexcfl  xojibKO  b cjiy^iae,  KOXAa  pacxBop  coAcpa^Hx  KaynyK, 
iiocKOjibKy  6eH30XHa30JiHjibHbie  paAHbaJibi,  o6pa33^H)mHecH  npg 


Puc.  2.  HaMeiienne  KOJiH^ecTBa  npopearnpoBaBiueii  cepM, 
npii  ByaKaimaaAHH  GyraAHeii-cTMpojibHoro  KaynyKa 

B npHCyTCTBHH  CllCTCMM  AH-2-6eH30THa3IIJIAHCyJIL(j[arA 

AHJMeTHaTHOKap6aMHJicyjib$enAHMeTHJiaMiin 

(TKCA) 


pacnaAe  npoMemyxOHHoro  KojunjicKca,  ho  b cocxohhhh  oxopBaxb 
BOAOpoA  ox  MOJieKyA  pacxBopHxejia  h AOHopoM  BOAopoAa  HBjifl- 
loxcH  a-MexHJieHOBue  rpynnbi  KaynyKa. 

KaK  bhaho  h3  pHc.  4 KOJiH^ecxBO  2-MepKaiixo6eii30THa3©jiA-, 
o6pa3yH)m;erocfl  npa  AeiicxBHH  aKXHBHOH  CMecH  ji^syx  ycKopHxejiSfi^ 
BO  MHoro  pa3  npeflOcxoAHx  kojihhgcxbo  MepKanxana,  oSpaayxome- 
rocn  npH  pasACJibHOM  aohcxbuh  xex  H<e  ycKOpnxejien  (nyHKxHpHHe 
npHMHe  noKaabiBaiox  oCpaaOBaHne  MepKanxana  npn  aAJiiHXHBHOM 
AeMcxBHn  ycKOpHTeAen).  9xox  4)aKx  cjiyn^nx  yScAnxejibHHM  AOKa- 
aaxejibcxBOM  BsaHMOAeiicxBHK  ycKopnxejien  n o6pa30BaHJia 
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npOMe>KyTOTOoro  KOMnjieKca,  CooTiioiueiine  ycKopHTejieii  b cmgcm, 
pj5ecneMHBaK)m,ee  MaKCHMajiBHoe  oSpaaOBaniie  2-MepKanTo6eH30- 
juasojia,  o6ycjiaBJiHBaeT  h HaH6ojibruyio  aKTHBPiocTt  axoii  cmgch 
-JB  . KanecTBe  ycKopjixcjiB  ByjiivaiiMaauuw. . PacnojiOKeHHe . pasjiHM- 
HHX  flIBOHHBIX  CHCXGM  yCKOpHXeJieil  HO  HX  ByJIKaHH3aiJ,HOHHOH 

aKXHBHOCTH  XaK>Ke  COB- 


naAaex  c hx  pacnojio>Ke- 
HHGM  no  HHXeilCHBHOCTM 
o6pa30BaHHK  MepKanxa- 
iia  (pnc.  5). 

’ 9xh  SKcnepiiMGHxaJib- 

HBie  A^UHLie  n03B0JIflI0T 
HaM  npeACxaBHxb  cjieAy- 
MexaHH3M  aKxii- 
Bnpyioin;ero  aghcxbbh 
ABOHHMX  CHCXeM  ycKo- 
piixejicH,  cocxoamnx  113 
cOHGxaHHH  AiicyjiB$iiA<^J^ 
c opraHH^ecKHMH  aMHiia- 
MH  H cyjib^eHaMHAaMiTj 
HCXQAH  H3  » pa3BHBaGMO- 

ro  HaMH  npe^cxaBJiGHUH 
o paAHKajibHOM  xapanxe- 
pG  pGaKAHH  ByjiKamiaa- 
AHH  (cxpyKxypHpOBatiHB) 
^ay^yKa  [2,  3].  Msbgcx- 
110,  ^IXO  XHMHBGCKOe  HQ- 
BGAeme  opraHUBGCKnx 
AH:cyJiB(|)HAOB  b phac 
cjiynaGB  aiiajioriiHHo'  ‘AeficxBHK)  nepSKHCcii.  Ecjih  opraiiH'iecKMG 
nepGKHCH  Moryx  noA  bjimhhgm  hmhhob  pacnaAaxbCH  na  cboSoahwg 
paAHKajiM  [4],  ;xo  npaBOMppHO  npGAflO'J^^d^KHXB  noAoGuHe  pGaKu;HH 

H A*^H  HSyHeilHHX  'HaMH  CHCXGM^  Ho^^^  aKCnGpUMGH- 

TaAbHMG  AaHHHG  roBopax  06  o6pa3pBaHHH  Mea^Ay  ycKopHXGJiHMe 
npoMGJKyxOBHoro  KOMnjiGKca,  pacnaAaioiAGroca  c oSpasOBaHHGM 
CB060AHLIX  paAHKaJiOB  no  cxgmg: 

■ r ; \ ' ' ; ' ^ *. 

' ' ElSSR'+  R'R"NH-»j  ' T^'RSH^+ RS’ + RMV'N’ 

1:  R^R'NH  J ^ 

cjiyHaa  A0‘2-6GH3pxHa3HJiAHcyAB(|)HAa  n.  AH^GHnaryanpiAHHa 

...  . : .....  . , . , ' ’ ' ' ' " ‘ 

.-R'  = - H:rR"'^  .G  --  . - : - 


flpodomume/Jbnocm  peanuuu,  mmyrni 

Pac.  3.  06pa30BaAHe  2-MepKaiiTo6eH30Tiia- 
30Jia  (MET)  npii  BsaiiMOAeacTBUH  ycKopii- 
TeJieii  npH  140°  b kohjicjig  (a)  li  b 'KCiiJtojibnoM 
pacTBope  KayayKa  {6), 

1 — ABTA  ""  A^r;  2.  — ABTA  — cyjib(l}eHaMHji;  II: 

Z — ABTA  — N-0BCMaHaTHjieH-2-eieH30THa30Jicyjit 
^eaaMHA;  4 — ABTA  ” N,  N-flimHKJio,reHCiiJiT2- 
• .eeHsoTiiaaoJicyjih^eHaMim  ■ 


H = 


.(>8 
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J^aJibHeiiiiiec  paaBMTjae  npoi^ecca  b CHcxeMo.  o^imx  ycj^opHTejiefl 
(6e3  cepM  H Kay^yKa)  mokgt  Bkjiroqaxb  cxaAHn:  ‘ ' 

RS*  + R'R"NH  ->  RSH  + R'R'  N'  : 

R'R"N'  + RSSR  - RSNR"R'  + RS* 

9xh  cxa^HH  o6i>hchhk)x  o6pa30Ba>me  AByx  hobmx  necBMa  an- 
XHBHMX  ycKopHxejieii  — 2-MGpKanxo6eH30XHa30Jia  (RSH)  h cyjit- 
4)GHaMHfla  (RSNR"R')  h Moryx  xaK>KG  paccMaxpHBaxbCH  b Kanc- 
CXBG  npHHHHBI  nOBHBIGHHH  ByJIKaHHaaRHOHHOH  aKXHBHOCXH  HCXO^- 
iioii  6HHapHOH  cmgch  ycKopnxGJiGH.  O^HaKo,  KaK  6lijjo  noKasaHO 
BKCnGpHMGHXaJIBHO,  06pa30BaHHG  2-MGpKanX06GH30XHa30Jia  B 6oJIb- 
uiHX  KOjiHHGCxBax  Ha6jiH)^aGxcH  xojiBKO  B iipHcyxcxBHii  KaynyKa 
(hjim  KaKoro-JiH6o  ;i,pyroro  cog^hiighhk  c ho/iibhjkhbim  axoMOAi 
BOAOpOflia).  HoaxoAiy  cjiGfl;yGx  npH3Haxi>,  mxo  BOSHHKaiomiiH  npn 
pacnaflG  npoM0>Kyxo^iHoro  KOMnjiGKca  6GH30XHa30jiirjiBHHH  pa^H- 
KaJi  RS*  BOBJiGKacxcH  B pGaKniTK)  c AiojiGKyjiaMH  KaynyKa  KaH 
H OTpHBaGx  B07i;opoA  ox  a-A[GXH.TiGiiOBOH  rpynnbi  hjih  xpcxH^noro 


Phc.  4.  06pa30BaHMe  MET  npn  B3aHMO^i;eHCTBHH 
cyjib$eHaMH;^a  R c (i)  h c flOP  (2)  npn 

HarpeBaHHH  b pacTBope  KaynyKa.  npo^ojiH^iiTeJib- 
HOCTb  iiarpeBaHHH  npn  150®  90  mhh. 

axoMa  yrjiGpoAa  cxpynxypH  1,2  h 3,4.  9xa  pgbki^hh  npaBO^Hx  k 
o6pa30BaHHio‘  2-MGpKanxo6GH30xiTa30Jia  (RSH)  h nojinMcpnorb 
paAHKajia  Ka’  no  cxgmg: 

RS*  + KaH  ->  RSH  + Ka* 

Hojihmgphhh  paAHKaJi  Ka*  Aa^i^e  BsaHMO^eiicxByGx  c GMy  no- 
AoGhhaih  paAHKajiaMH  hjih  abohhhmh  cbh3Hmh  b MOJiGKyjiax 
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KaynyKa,  mto  npHBO;],HT  k BoaHHKHOBeHHio  nonepe^HBix  G — C- 
CBHaeii  ByjiKaHHsapiioHHOH  cTpyKxypBi.  B npHcyxcTBHH  cepti 
paAHKajifci,  o6pa3yK)Bj,HecH  npn  pacnaAe  npoMejKyxOHPioro  kom- 
njieKca,  cnocoScxByiOT  pacKptixHK)  BOCBMH^ijieHiioro  KOJibu,a  mo- 
jiGKyjibi  cepbi,  nepOBOAH  copy  B aKxBBHoe  cocxohhho  BOpes  cxhahm:, 


Phc.  5.  KnneTHKa  H3MeiieHHfl  conpoTiiBJieHiui 
^paspLiBy  npH  ayjiKaHHsaipHH  b npHcyTCTBiin 
ABOHHHX  CHCXeM  yCKOpiITeJIGH. 

OOoruiaMeHHFi  Kpiinux  Te  jne,  mto  iia  piic.  3. 


paccMOxpeBiiMe  b pBAO  iianiHX  pa6ox  [2,  5]  ii  HccjicAOBaHnax  APy* 
THX  aBTOpOB. 

TaKHM  o6pa30M,  BsaPiMHoe  aKXHBHpoBaime  b a«omhoh  cHcxoMe 
ycKopHxejioii  ByjiKaHMBappm  cboapixch  k XHMHBecKOMy  BsaiPMO- 
AeHCXBHH)  ycKopHxcjieii,  HAyiAOMy  qepes  cxaAPiio  npoMePKyxoBtioro 
KOMBJieKca,  cnoco6Horo  pacnaAaxbca . na  CBo6oAHLie  paA^Kajibi, 
BsaHMOAOMcxByioiAHe  c KayayKOM  k cepok:  B cjiyaae  chcxgm,  co- 
AopBKauAHX  AHcyjib^PiAbi,  axo  BaaHMOAekcxBiie  npaBOA^x  k oSpaao- 
BaHHK>  MepKanxanoB,  hbjihioiahxch  6ojiee  aKXHBHbiMH  ycKopnxe- 

JIHMH,  BGM  HCXOAHbie  AMCyJIb(j)HAbI,  BXO  XaiOKG  HBJIfleXCH  (J)aKXOpOM 
BaaHMHoii  anxiiBappiK  ycKopHxejiek* 
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Summary 

The  efficiency  and  mechanism  of  the  combined  action  of  vul- 
canization accelerators  are  considered  from  the  standpoint  of 
their  chemical  structure.  An  investigation  of  the  vulcanization 
of  various  types  of  butadiene-styrene  and  natural  rubbers  showed 
that  double  accelerator  systems  may  be  divided  into  three  groups; 
namely:  a)  systems  with  mutual  activation  of  the  accelerators, 
b)  systems  with  activation  of  one  of  the  accelerators  and  c)  sys- 
tems with  additive  action  of  the  accelerators.  The  vulcanization 
kinetics  of  the  first  two  (non-additive)  groups  of  accelerators 
differ  from  those  for  the  separate  application  of  the  accelerators 
by  a retardation  in  the  initial  period  and  a sharp  increase  in  rate 
of  the  main  period  of  the  vulcanization  process.  During  inter- 
action of  accelerators  of  which  one  contains  the  benzothiazolyl 
group  and  the  other  is  a hydrogen  donor  the  formation  of 
2-mercaptobenzothiazole  is  observed.  Formation  of  this  compound 
may  also  be  noted  on  interaction  of  the  accelerators  in  the  rub- 
ber medium,  the  yield  in  this  case  being  considerably  higher 
than  on  separate  interaction  of  the  accelerators  with  the  rubber. 

In  the  presence  of  sulfur  (disulfide-sulfonamide  or  disulfide- 
organic  nitrogenous  base  systems)  a considerable  rise  in  the  yield 
of  2-mercaptobenzothiazole  is  observed,  connected  with  the  for^ 
mation  of  hydrogen  sulfide  and  its  subsequent  interaction  with 
the  disulfide.  The  activity  of  double  accelerator  systems  is  the 
higher,  the  more  intensive  the  formation  of  2-mercaptothiazole. 
The  mutual  activation  of  the  accelerators  is  explained  by  the  for- 
mation of  intermediate  complexes,  decomposing  to  free  radicals 
that  initiate  the  interaction  between  sulfur  and  rubber  and  poly- 
merization processes  of  the  latter.  A scheme  of  such  reactions 
is  presented. 


Resume 

On  considere  Teffectivite  et  le  mecanisme  d'action  combinee 
des  accelerateurs  de  vulcanisation  selon  leur  structure  chimique. 
L' etude  de  vulcanisation  de  differents  types  des  caoutchoucs 
en  butadienestyrolene  et  caoutchouc  naturel  a montre  que  les 
systemes  doubles  des  accelerateurs  peuvent  etre  divises  en  trois 
groupes: 

a)  systemes  a une  activation  reciproque  des  accelerateurs 

b)  systemes  a activation  d'un  seul  accelerateur 

c)  systemes  a Taction  additive  des  accelerateurs. 
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La  cinetique  de  vulcanisation  des  premiers  deux  groupes  des  ac- 
celerateurs  (d'action  non  additive)  se  differe  de  la  cinetique,  ayant 
lieu  a rutilisation  separee  des  accelerateps,  par  ralentissement 
au  stade  initial  et  par  un  accroissement  brusque  de  la  vitesse  dans* 
la  peribde  principale  de  vulcanisation.  Pendant  Tinteraction  des 
accelerateurs,  Tun  desquels  contient  un  groupement  benzothiazo- 
lique  et  Lautre  est  le  donneur  de.  1 ’hydrogene,  on  observe  la  for- 
mation du  2-mercaptobenzothiazol.  La  formation  du  2-mercapto- 
benzothiazol  est  egalement  observe  durant  I’interaction  des 
accelerateurs  en  caoutchouc,  dans.ee  cas  le  rendement  de  2-mer- 
captobenzothiazol  etant  sensiblement  plus  haut  que  dans  le 
cas  d’action  separee  des  accelerateurs  avec  le  caoutchouc. 

En  presence  du  soufre  (dans  les  systemes  «disulfides  — sulfon- 
amldes»,  bu  «disulfides-bases  brganiques!  azotees»)  bn  observe  une 
augmentation  considerable  du  rendement  de  2-mercaptobenzo- 
thiazol  ce  qui  est  lie  a la  formation  d ’hydrogene  sulfure  et  son 
interaction  posterieure  avec  le  disulfide.  L’activite  des  systemes 
doubles  des  accelerateurs  est  d’autant  plus  haute  que  la  forma- 
tion de  2-mercaptobenzothiazol  est  plus  intense. 

L’ activation  reciproque  des  accelerateurs  est  expliquee  par 
la  formation  du  complexe  intermediaire  qui  se  decompose  en 
radicaux  libres  amorgant  I’interaction  du  sulfure  avec  le  caout- 
chouc et  les  processus  de  polymerisation  du  dernier. 

Les  schemas  de  tel  les  reactions  sont  donneos. 
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CEPHOKHCJIblE  30HPbI  nOJTHBMHHJlOBOPO 
CHHPTA 

H-M.  fp  ti  m ay  3^  A.  0.  B o p o 6 ^ e 6 a,  I\  A.  HI  u p o u o a 
M.  //.  ^ony  uae  6 

(CCCP) 


AjiKorojiH3  nojiHBHHHJiaij,eTaTa,  pacTBopeiiHoro  b 3thjiobom 
CnUpTG,  B IIpHCyTCTBHH  CCpHOH  KHCJIOTH,  KaK  KaTajiH3aTopa,  CO- 
rtpOBOK^^aoTCH  no6oHHOH  peaKi^neH  — oSpasoBanHOM  HOKOTOporo 
KOJIH'iGCTBa  KHCJIHX  COpHOKHCJIHX  3$HpOB  nOJIHBHHHJIOBOrO  CnHpTa 

— CH2  — CH  — CH2  — CH  — CH2  — CH  — CH2  — pi  — 

OSO2OH  OH  OH  OGOCH3 

BoflHtie  pacTBOpbi,  coAGp>Kaiij;n6  khcjiho  cepHOKHCJiwe  3$npi>i 
nojiHBMHHJiOBoro  cnHpTa,  o6jiaflaK)T  cpaBEHTOJiBHO  6ojibmoii  oMyjib- 
rripyH)rn,eH  cnoco6HOCTbK),  Koxopan  nOBHniaGTCH  c yBOJiHEGHHOM 
CO^GpJKaHHH  B HGM  CBH3aHH0H  CGpH  OT  0,06  0,8%  HpH  OMLI^G- 

HHH  3(J)HpHHX  TpyEH  nOJIHBHHHJiai^GTaTa  B npHCyXCTBHH  1 5^ 

CGpHOH  KHCJlOXbl  B pGaKU,HOHHOH  CMGCH. 

MsyEGHEG  p6aKD,HH  raySoKoro  cyai>(J)HpoBaHHH  noanBHHHao- 
Boro  cnnpxa  c ii,Gabio  noayHGHHH  cyab(|)03aMGiii;GHHbix  BHHnaoBbix 
rtoaHMGpOB,  o6aaji;aK)mHX  ciigi^h^hhgckhmh  CBOHcxBaMH  -(3(|)$6k- 
xHBHHG  3Myabraxopbi,  CTa6Haii3axopbi,  hohooGmghhlig  noaHMGpw 
H AP-)»  onncaHHHMH  b anxcpaxypG  cnoco6aMH  hg  A^ao  noaojKH- 
TGabHbix  pG3yabxaxoB. 

KaK  H3BGCXHO,  npoAGCC  cyab(i)HpoBaHHH  — peaKAHH  oopa- 
THMaH,  xaK  KaK  napaaaGabHO  c cyab^npoBaHHGM  ha^t  h A^cyab- 
(j[)HpoBaHH6  (rHAPO«JiH3),  npHEGM  cKopocxb  THApoaHaa  BoapacxaGx 
c noBHUiGHHGM  xGMnGpaxypbi  H yMGHbniGHHGM  KOHu,GHxpaAHH  cyab- 
(|)B[pyK)iii;Gro  arGHxa.  IIoaxoMy  cyab(|)HpOBaHHG  yraoBOAopoAOB  bg- 
Ayx  npn  HHSKHXXGMnGpaxypax,  a ajih  AObgaohhh  peaKAHH  ao  koh- 

Aa  BBOAHX  BOAOOXHHMalOIAGe  CpGACXBO,  KOXOpOG  CBH3bIBaaO  6bl 

BbiAGaaioiAyiocH  npn  peaKAHH  BOAy*»  o6biHHO  b kbegcxeg  xaKoro* 
cpGACTBa  npHMGHHiox  6oabinoH  HsSbiTOK  cyab^HpyioiAGro  arcHxa^ 
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B HaniHx  HccjieAOBanHHx  no  cnmesy  khcjihx  cepnoKucjiHX 
a^npoB  nojiHBHHHjiOBoro  cnnpTa  b Ka^ecTBe  cyjiB^npyiomero  arenra 
npHMenHJiHCB  100  %-HaH  cepHan  KHCJiOTa  n ojieyM  c pasjiHTOMM  co- 
;i;ep>KaHHeM  CBoSo^Horo  cepnoro  anm^pn^a,  a Tann^e  xjiopcyjiL- 
(J)OHOBaH  KHCJIOTa.  B LI,eJIB[X  OCymeCTBJieHHH  HGrrOCpG/^CTBGHHOM 
aaMGHH  an;GTaTHtix  rpynn  b nojiHBiiHHjiau,eTaTe  na  dCTaiKn  ccp- 
HOM  KHCJIOTH,  CyXOH  nOJIHBHHHJiai^GTaT  noABGpraJiH  o6pa60TKe 
TpGXKpaTHHM  KOJIH^GCTBOM  100%-HOH  CGpHOH  KHCJIOTBI  HJIH  CGp- 

Hoii  KHCJi^OTti,  coflGpH^amGH  6—15%  cGpHoro  aHrHflpH^a,  npn 

_4 0o  B TGnenHG  30—180  mhh.  BbiflGJiGHHfcin  npoAj^Kx  coAGp>Kaji 

0,29%  CBHsaHHOH  cepBi,  HTO  yKasbiBajio  ria  Majiyio  8(j[)(|)GKTiiBH0CTb 

8TOM  pGaKAHH  B AaHHHX  yCJIOBHHX. 

Oxy  >KG  pGaKAHH)  npOBOAMH  c 20%-iibiMH  pacxBopaMH  nojin- 
BHHHjiaAGxaxa  b MGxnjiGHXjiopnAe  hjih  AHXjiopaxaHG  npn  yKaaaw- 
Hoii  BwniG  xGMnepaxypG  n npn  npOAOJin^nxejiBHOcxH  AGMcxann 
cyjibf|)HpyK)iii,Gro  arGHxa  AOCxnraiomGH  35  mhh.  BbiACJiGHHbio  npo- 
AyKXbi  coAep>KajiH  l,49--3,73%  cBAsaimoH  cGpbi,  nxo  yKasbiBacx 

Ha  B03MO>KHOCXb  HGnOCpeflCXBGHHOH  nGpe3XGpH(|)HKaij;HH  aAexax- 
Hbix  rpynn  b nojiHBHHHJian;Gxax6  na  cyjib(|)0*rpynnbi  npa  ocyni;Gcx- 
BJiGHHH  3XOH  peaKn,HH  B pacxBopG  (b  HaHiGM  cjiynaG  AO  coAepjKaiiHH 
B nOJIHMGpG  11,19%  CGpHOKHCJIbIX  3(|)HpHbIX  rpynn).  IIoJiyHGH- 
HblG  KHCJIHG  CGpHOKHCJIbIG  3^HpH  OKasaJIHCb  paCXBOpHMbIMH  B 3XH- 
jiOBOM  cnnpxG.  . . 

C AGJIbK)  nOJiynGHHH  nOJIHMepHbIX  KHCJIBIX  CCpnOKHCJIblX  3^H- 
pOB,  paCXBOpHMbIX  B 3XHJIOBOM  CnHpXG  H B BOAG  H HX  CMGCflX,  npO- 
BOA^IJIH  CyjIb(J)IipOBaHHG  nOJIHBHHHJIOBOrO  CnHpxa  H A«^H  yCXpaHGHHfl 
AerHApaxan,HH  b pGaKAHOHnyio  cpcAy  bboahjih  HGKoxopoG  kojih- 
HGcxBO  BOAbi.  Tan,  nanpnMGp,  nojiHBiiHHjiOBbrH  cnnpx  co  cxcnGHbio 
OMbijiGHHH  98%  o6pa6axbiBajiH  50%-hoh  cGpnoii  khcjioxoh  npn 
60°  B XGHGHHG  20  HaC.  BblAGJIGHHblM  XGMHOOKpaHIGHHblH  rGJIG06pa3- 
HHH  npOAyKX  C COAGpJKaHHGM  CBH3aHHOM  CGpbl  AO  6,5%  (19,5% 
•cyjib^orpynn)  OKaaaJiCH  HGpacxBopnMbiM  b cnnpxG  h boag. 

Ms  npHBGAGHHOrO  BHAHO,  HXO  BCJIGACXBHG  IiaJIHHHH  CXGpGOXH- 
JVIHHGCKHX  aaxpyAHGHHH  HGnOCpGACXBGHHan  nGpe3XGpH(|)HKan,HH  no- 
jiHBHHHjiaiiiGxaxa  nyxGM  cyjib^npoBaHHH  hjih  cyjib^npoBaHHG  nojiH- 
BHHHJiOBoro  cnnpxa  a^ih  nojiynGHHH  gfo  pacxBopnMoro  npoH3- 
BOAHoro  c SojibniHM  coAep>KaHHGM  cyjib(J)03(j)HpHHX  rpynn  hg 
npGACXaBJlHGXCH  B03MO}KHbIM.  BcJIGACXBHG  3XOrO  HaMH  6bIJia  HC- 
CJiGAOBana  bosmoh^hocxh  cyjibf|)HpoBaHHfl  nojiHMGpa  b npoAGCCG 
ajiKorojiHsa  nojiHBHHHjiaii,Gxaxa  b 3xhjiobom  cnnpxG,  x.  g.  b momghx 
•oSpasoBaHHH  rnApoKCHJibHbix  rpynn  (in  statu  nascondi). 

20%-HbrH  pacxBop  nojiHBHHHjraii,6xaxa  b bxhjiobom  cnnpxG  no^- 
J3GprajiH  ajiKorojiHay  b npncyxcxBHH  5%  CGpnoH  KHCJioxbi,  cHuxan 
Ha  pGaKAHOHHyK).  BaHHy,  npn  60°.  Gyjibf|)HpyioiAHM  arcHx  bboahjih 
HGpG3  2,5 — 5 nac.  ox  nanajia  peaKAHH  npn  ncpGMemHBaHHH  h noc.xG 
oxjian^AOHHH  pGaKn;HOHHOH  Maccbi  ao  —3 5°.  Ilpn  3xom  Bbi- 
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HCHHJiOCfc,  HTO  npH  CyjIL(j)HpOBaHHH  CepHOH  KHCJIOTOii  KpeilOCTbK) 

103,4%  (coflepjKaHHe  303—  15,1%)  b KOJiH*iecTBe  8—10  HacTeii 
Ha  o^Hy  HacTt  nojiHAiepa  peaKij,HH  oSpaaoBaHHH  khcjibix  cepno- 
KHCJiHx  B^npoB  npoxo^HT  ffocTaxOHHO  nojiHO,  AOCTHraa  onxHMyMa 
npn  BBeAeHHH  cyjifc(J)HpyR)m.ero  arenia  aepea  4—5  aac.  nocjie 
Hanajia  aJiKorojiHsa  nojiHBHHHjiaij;GTaTa.  B axiix  ycjiOBHHX  aJiKoro- 
jiHS  HOUHBHHHJiaiJieTaTa  npoxoAHT  Ha  80—85%  h,  nan  axo  6hjio 

BHHCHeHO,  IieOMBIJieHHHH  flO  KOHI],a  HOJIHBHHHJiapeXaX  C COJI,epH^a- 
HHGM  15—20%  ocxaxOHHMX  an.GxaxHBix  rpynn  iiaxoAHxcH  b HanSo- 
JIGG  aKXHBHOM  COCTOHHHH,  AGJiaK)ni,GM  GBO  HanSoaCG  npHrO^HJblM 
0Cyni,6CXBJIGHHH  peaKI^HH  CyJIB^HpOBaHHH.  B npOU;GCCG  CyJIL- 
(|)HpoBaHHH,  npofl,ojHKaH)m,GrocH  2 — 3 aaca,  HonpopGarnpoBaBHiHG 
au;GxaxHiiiG  rpynnM  ombijihiotch  h hx  coAepH^aHHG  yMGiiBmaexcH 
jj,o  a co^opjKaHHG  CBHaaHHoii  cGpH  AOCXHracx  16—18%, 

HXO  COOXBGXCXByCT  COAGpH^aHHK)  KHCJIBIX  CGpiIOKHCJIHX  3(|)HpOB 
nOJIHBHHHJIOBOrO  CHHpXa  AO  62  — 70%  (MOJIGKyjiapHBlH  BGC  OAHOrO 
3BGHa  cyjiB(|)HpOBaHHoro  nojiHBHHHjroBoro  cnnpxa  124). 

IIpH  CyjrB(|)HpOBaHIIII  HGOMBIJIGIIHOrO  AO  KOHAa  HOJIHBHHHjraAG- 
xaxa,  pacxBopGHHoro  b 3xhjiobom  cnnpxG,  xjiopcyjiB(J)OHOBOH  khcjio- 
xoii  oSpasycxcH  napHAy  c khcjibim  cgphokhcjibim  3(|)HpoM  cyjiBt|)0“ 
xjiopHA  nojiHBHHHJiOBoro  cnnpxa,  KOxopBiH  B npncyxcxBHH  pcaK- 
AHOHHOH  BJiaXH  HaCXHBHO  OMBIJIHGXCH  C BBIAGJIGPTHGM  cojihhoh 
KHCJIOXBI.  XOXH  CyjIB(J)HpOBaHHG  XJ10pcyJIBlf)OHOBOM  KHCJIOXOH  npO- 
XOAHT  6oJIGG  3HGprflHHO,  HGM  CGpHOH  KHCJIOXOH,  HO  B AGJIHX  HO- 
JiyHGHHH  60JieG  HHCXOrO  KHCJIOrO  CGpHOKHCJIOrO  3$Hpa  nOJIHBHHH- 
aOBOrq  CHHpxa  npHMGHGHHG  nOCJIGAHGii  HB.TIHGXCH  5ojigg  AGJICCO- 
o6pa3HHM. 

JiyJlfl  BBIAGJIGHHH  KHCJIOFO  CGpHOKHCJlOrO  3^Mpa  HOJIMBHHMJlOBOrO 
CHHpxa  H3  oGpaayioiAGHCH  b pcayjiBxaxe  peaKn;HH  bhskoh  cnpono- 
oSpasHOH  MaccH  6biji  paapaSoxaH  cjiGAyioiAHH  mgxoa-  PoaKAHOPi- 
Hyio  Maccy  hocjig  npOBGpKH  Koima  cyjiBijiHpOBaHHH  nyxGM  onpeAC- 
JIGHHH  paCXBOpHMOCXH  B XOJIOAHOli  BOAO  H OXAGJIBHO  B 3XHJIOBOM 
GHHpXG  HGpGHOCHJIM  B 4 — 5-KpaXHOG  KOJIHHGCXBO  CHHpXOBOAHOH 
€M6CM  H K paCXBOpy  nOCXGHGHHO  A06aBJIHJIH‘ 10  % -HBIH  CHHpxOBBIH 
pacxBop  lAGJiOHH  AO  CJia6oiii;ejiOHHOH  pcaKAHH  (oapiobpgmghho  ombi- 
JIHIOTCH  COAGp>KaiAHGCH  B pGaKH,HOHHOH  CMGCH  3XHJiaAGXaX  H 3XHJI- 
€yjiB(j)ax).  BoAy  bboahjih  b kojihhgcxbg,  hgoSxoahmom  a^ih  nojiy- 
HGHHH  cGMHBOAHoro  CGpHOKHCJioro  HaxpMH,  BBinaABBUiGro  H3  pac- 
TBOpa  B BHAG  KpHCXaJIJIHHGCKOrO  OCaAKa,  JIGXKO  OXAeJIHIOlAGrOCH 
ox  MaxoHHoro  pacxBopa,  b KoxopoM  coAopH^ajiacB  HaxpHGBaa  cojib 
KHCjioro  CGpHOKHCJioro  3{|)Hpa  HOJiHBHHHjiOBoro  GHHpxa.  Cyjib^ax 
PiaxpHH  UpOMBIBaJIH  OXHJIOBBIM  CHHpxOM  A‘^H  H3BJIGHGHHII  3(|)Hpa 
H SKCXpaKX  npHCOGAHHHJIH  K (})HJ[BXpaxy ; KOXOpBIH  • BBinapHBaJIH 
B BaKyyAie  npn  40'';  o6pa30BaBmHHCH  nopomoK  AmproKpaxHO  o6- 
pa6axBiBajiH  sxhjiobhm  cnnpxoM  j\jin  nojiHoro  hsbjighghhh  KHCJioro 
CGpHOKHCJioro  3lJ)Hpa  nOJIHBHHHJIOBOrO  CHHpxa. 
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riocjie  oxroHKH  axiijiOBoro  cnHpxa  oGpaayexca  nopomoK  cjia6o’ 
7Kejixoro  ii,BeTa,  oSjiaflaioinHH  Sojibihoh  rarpocKoi^HHHOCXBK).  IIo- 
BepXHOcxHoe  HaxHH^eHHe  ero  b 1 %-hbix  bo^hhx  pacxBopax  na  rpa- 
c B03AyxoM,  onpeAGJieHHoe  cxajiarMOMexpH^ecKHM  Mexoj^OM 
paBHHJiocb  62,75  dunjcM  (necyjiB^HpoBaHHHH  nojiHBHHHJiOBfciii 
cnapx  — 66,0  dunjCM,  >KejiaxHHa  — 85  dunjcM). 

CTaGHJiHSHpylomee  aghcxbhg  HaxpneBOH  cojih  KHCJioro  cepno- 
KHCJioro  3(|)Hpa  nojiHBHHHJiOBoro  cnnpxa  npoBepnjin  b rpanyjiB- 
HOH  nojiHMepH3an,HH  BHHHJiau;exaxa»  OKaaajiocB,  ^xo  ajih  nojiyne- 
•HHH  HecKJieHBaioiii.iixcH  rpaHyji  hgooxoahmo  bbgcth  b boahhh 
pacxBop  0,05—0,1%  HaxpHeBoii  cojih  Kiicjioro  cyjiB$npo- 
BaHHoro  nojiHBHHHJiOBoro  cnnpxa,  bmgcxo  3%  panee  npu- 
MeHflBinerocH  HecyjiB(|)HpOBaHHoro  nojiHBHHHJiOBoro  cnapTa.  IIpo-^ 
ij;ecc  nojiHMepH3ai];HH  BHHHJiai};exaxa  npn  9xom  iie  HurHSHpyexcH 
H npn  68 — 90°  npoxo^Hx  sa  3 — 3,5  ^aca  c oGpasOBaiineM  XBepftHX 

rpanyji.  Ilpn  nojiyneHHH  cepnoKHCJiBix  acJinpoB  c coffep>KaHHeM 
cBHsaHHOH  cepBi  BBiine  19%  oSpaayiOTCH,  no-BHA^MOMy,  nojiHBie 
cepnoKHCJiHe  3(J)HpBi  nojiHBHHHjiOBoro  cnnpxa,  KOxopBic  npn  npo- 
BepKe  He  oSjiaAajm  cxa6HJiH3HpyK)ni,HMia;  cBoiicxBaMH  b yKaaaH- 
HOH  peaKAHH. 

Ecjih  bgcxh  peaKAHK)  cyjiB^HpoBaiiHH  B cpe^e  MexiuiOBoro 
cnnpxa,  xo  nponcxoAnx  no6oHHaH  peaKU,nH  — sxepncj^nKaAHH 
KHCJioro  cepHOKHCJioro  3(|)Hpa  nojiHBnuHJiOBoro  cnnpxa  Mexnjio- 
BHM  cnnpxoM  H nojiynaioiAHecH  npn  9xom  npoAyKXBi  He  oGjia^aiox 
3MyjiBrHpyioiii;HMH  CBoncxBaMn. 

B 3aKjiK)HeHHe  cJieAyex  ynasaxB,  hxo  npe^cxaBJiHexca  HHxepec- 
HBiM  AaJiBHenmee  paaBHxne  onncaniiBix  HccjieAOBaHnn  c onpeA^JiG”^ 
HHGM  paaMGiAGHnH  cyjiB^Jorpynn  b aghh  nojinMepa. 


Summary  , 

The  alcoholysis  of  polyvinylacetate  in  ethyl  alcohol  solution 
catalyzed  by  sulfuric  acid  is  accompanied  by  a side  reaction  lead- 
ing to  formation  of  a certain  amount  of  polyvinylsulfate. 

. Aqueous  solutions  of  the  polyvinylmonosulfates  possess  a 
comparatively  high  emulsifying  capacity,  which  increases  with 
increase  in  its  bound  sulfur  content,  comprising  0.06— 0.08 /o 
for  1— 5 %•  sulfuric  acid  in  the  .reaction  medium.  . 

Attempts  to  incorporate  the  sulfate  group  to  a great  degree 
with  the  objective  of  obtaining  sulfated  polymers  of  specific  pro- 
perties (efficient  emulsifiers,  stabilizers,  ion  exchangers  etc.) 
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«did  not  yield  satisfactory  results  Avlien  methods  described  in  the 
literature  were  employed. 

Direct  sulfation  of  polyvinylacetate  with  subsequent  conver- 
sion to  polyvinyl  alcohol  or  the  sulfation  of  .polyvinyl  alcohol, 
to  obtain  a derivative  with  a large  ester  content,  is  impossible, 
owing  to  stereochemical  hinderance.  Because  of  this  we  investi- 
gated the  possibility  of  sulfating  the  polymer  in  the  process 
of  alcoholysis  of  polyvinylacetate  in  ethyl  alcohol. 

It  was  found  that  under  the  reaction  conditions  for  various 
amounts  of  acetate  residual  groups  polyvinyl  alcohol  may  be 
obtained  with  a varying  content  of  acid  or  neutral  esters. 

Under  the  chosen  conditions  a hitherto  undescribed  acid  sul- 
fate of  polyvinyl  alcohol  with  10 — 15%  bound  sulfur  content  was 
obtained.  In  contrast  to  the  original  .polyvinyl acetate  dissolving 
ill  organic  solvents  and  polyvinylalcohol  soluble  in  water  this 
sulfur-containing  product  dissolved  in  ethyl  alcohol,  water  or 
aqueous  alcohol. 

Neutral  sulfates  of  polyvinylalcohol  are  soluble  only  in  ethanol, 
but  not  in  water. 

The  acid  sulfates  possess  high  emulsifying  and  stabilizing 
properties. 

If  the  reaction  is  carried  out  in  methanol  esterification  of 
the  acid  sulfate  ester  of  polyvinylalcohol  takes  place  as  side 
reaction,  the  resultant  products  being  devoid  of  emulsifying  pro- 
perties. 


Resume 

L’alcoolyse  de  polyvinylacetate  dans  la  solution  d’alcool 
othylique  en  presence  d'acide  sulfurique  comme  catalyseur 
esL  suivie  par  la  reaction  secondaire-formation  de  certaine  quanti- 
te  d 'esters  sulfuriques  d'alcool  polyvinylique. 

Les  solutions  aqueuses  contenant  les  esters  sulfuriques  d'al- 
cool  polyvinylique  ont  une  relativement  haute  capacite  emulsion- 
nante  qui  s'eleve  avec  raugmentation  de  sa  teneur  en  sulfure 
lie  —0,06 — 0,8%  par  suite  de  rinsertion  dans  le  milieu  reaction- 
nel  de  1 — 5%  d'acide  sulfurique. 

Une  sulfonation  profonde  de  Talcool  ' polyvinylique  pour 
obtenir  les  polymeres  vinyliques  (subslitues  en  chaine  aux 
groupes  sulfoniques)  ayant  des  proprietes  specifiques  (emulsion- 
nant  efficaces,  stabilisateurs,  polymeres  echangeurs  d'ions  etc), 
CM  applicant  les  precedes  connus  dans  la  litterature  n'a  pas 
mene  aux  resultats  posltifs. 
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Par  suite  de  la  prfoeiice  des  encombrements  stereoehimiques 
il  iPest  pas  possible  de  sulfoner  le  polyvinyl  acetate  pour  la  con- 
version ulterieure  en  alcool  polyvinylique  ou  sulfoner  I’alcooi 
polyvinylique  pour  obtenir  son  derive  avec  une  grande  teneur 
en  esters  sulfuriques. 

A cette  occasion  nous  avons  etudie  la  possibilite  de  sulfoner 
le  polymere  lors  du  processus  d'alcoolyse  du  polyvinylacetate 
en  alcool  etliylique. 

II  s^est  trouve  que  pour  la  teneur  differente  des  groupes  ace- 
tiques  residuels  dans  les  conditions  d- execution  de  la  reaction 
on  pent  obtenir  Talcool  polyvinylique  a diverse  teneur  en  esters 
sulfuriques  mono-  ou  disubstitues. 

Dans  les  conditions  choisies  on  a obtenu  Tester  mouosulfu- 
rique  d ’alcool  polyvinylique  inconnu  jusqu’a  present  dont 
la  teneur  en  sulfure  lie  est  de  15—16%.  Ce  produit  sulfurique, 
contrairement  a Tacetate  de  polyvinyle  initial  soluble  dans  les 
solvants  organiques  et  a Talcool  polyvinylique  soluble  daps 
Teau,  se  dissolvait  dans  Tether  ethylique,  Teau  ou  Talcool 
aqueux. 

Les  esters  sulfuriques  neutres  d’alcool  polyvinylique  ne  sont 
solubles  que  dans  Tether  ethylique  mais  il  ne  dissolvent  pas  dans 
Teau.  ' . , . 

Les  esters  sulfuriques  monosubstitues  d’alcool  polyvinyli- 
que  possedent  de  hautes  propfietes  emulsionnantes  et  stabili- 
santes. 

Si  la  reaction  ci-dessus  se  deroule  en  milieu  d’alcool  methy- 
lique  alors  a lieu  la  reaction  secondaire-esterification  d ’ester 
sulfurique  monosubstitue  d’alcool  polyvinylique  par  Talcool 
methy lique  et  les  produits  obtenus  n’ont  pas  de  proprietes  emu- 
lsionnantes. 
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REACTIONS  ENTRE  LES  AMINES  AROMATIQUES 
ET  LE  POLYCHLORURE  DE  VINYLE 

Z.  W olkob  er,  T.  Holly,  G.Thurz  o' 

(Hongrie) 


La  reaction  entre  les  amines  aromatiques  et  les  derives  chlo- 
res  des  hydrocarbures  alifatiques  depend  de  la  qualite  des  reagents 
et  des  circonstances  de  la  reaction.  L’ amine  aromatique  n'est 
qu  un  agent  des  deliydroclhoruration  par  exemple  dans  la  reaction 
entre  1 aniline  et  le  tetrachlor^thane;  en  le  cas  des  hydrocarbures 
chlores,  qui  ne  contiennent  pas  des  atomes  de  chlore  avec  une  con- 
figuration «p»,  se  produit  une  liaison  climique,  entre  1’ amine 
et  i hydrocarbure  par  1 atome  d^azote.  Les  produits  de  reaction 
ne  sont  pas  homogenes,  car  les  amines  secondaires  et  tertiaires 
sont  capables  de  se  transformer  au  bases  primaires  d^azote,  sub- 
stitues  en  noyau. 

Pour  les  reactions  entre  les  amines  aromatiques  et  le  polychlo- 
rure  de  vinyle  (PCV),  les  derivees  du  PCV  et  les  autres  hydrocar- 
bures chlores,  de  la  groupe  du  PCV,  il  n^  a que  peu  de  dates  de 
literature  [1  4].  Nous,  avons  commence  nos  exp6rimentes  par 

la  reproduction  des  dates  de  V.  Fuchs,  concernant  la  reaction 
entre  1 'aniline  et  le  polychlorure  de  vinylidene.  Nous  avons 
trouve  que  telles  reactions  aussi  se  deroulent  entre  rai-iilinc 
et  le  PCV. 

Apres  nos  experiments  informa tives  nous  avons  intensive- 
mcnt  etudie  les  reactions  entre  le  PCV  et  Lauiline  ou  les  autres 
bases  d azote,  substitutes  en  noyau  ou  en  atome  d 'azote,  et 
les  compositions  des  produits  finals. 

. Comme  dissolyants  nous  avons  utilise  d 'aniline,  de  nitroben- 
zene ou  de  dimethylformamide,  et  nous  avons  examine  a des 
temperatures  entre  75—175°,  par  Tanalyse  de  Lacide  chlorhydri- 
que  decompose,  entre  les  circonstances  differentes  la  ciiietique 
de  la  reaction  entre  le  PCV  et  Laniline.  Les  experimentes  sont 
faits  dans  les  tubes  de  bombe.  Nous  avons  examine  les  composi- 
tions suivantes: 
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1.  PCV-aniline,  2.  PCV-aniline-eau,  3.  PCV-anilino,  4.  PCV- 
aniline-nitrobenzeiie,  5.  PCV-nitrobenzkie-eau,  6.  PCV-eau. 

Les  experimentes  en  absence  , d’aniline  avaient  un  caracterc 
d’epreuve  de  controle.  Dans  les  diagrammcs  nons  avons  dessiiie 
en  dependance  du  temps  le  quantile  de  I’acide  chtorhydrique 
decompose,  en  pour  cent  de  la  quantile  originellc.  Les  resultats 
sont  montres  par  la  lig.  1 (a  — d). 


Fig.  ,1.  Le  quantile  de  I’acide  chlprhydrique  decompose,  % de-la  quaatito 
^ originelle,  ea  fouctiori,  du  temps.  ; 

a — 175°;  b — 150°;  c — IQO^;  d — 75°. 


Dependant  de  la  temperature,  de  la  duree  de  reaction  et  de  la 
quantity  d’aniline,  on  pbtient  par  la  reaction  entre  aniline 
et  PCV  outre  de  la  polyaminostyrene  encore  des  produits 
cycliqiies  et  en  consequence  de  la  decompoMtion  aussi  quelques. 
produits  avec  des  poids  moleculaires  plus  bas. 

Sous  une  proportion  1 : 1 de  1 ’aniline  et  du  PCV  tons  les  trois 
«o»  et  «p»  atomes  actives  d’bydrogene  de  I’aniline  sont  capables 
de  se  mettre  en  reaction  avec  PCV:  Ainsi  on  obtient  des  produits 
avec  une  tenenr  plus  has  d ’azote,  et  plus  haute  de  chlore. 

4 L’bxces  d ’aniline  amene  dans  les  macromolecules  polyamino- 
styrene— PCV  par. reaction  intramoleculaire  a une  cyclisation. 
Une  preuve  de  cette  .cyclisation  est  obtenue  d’une  part;  que 
la  viscosite  specifique  : des  produits  finals  est  d’un  ordre  de 
grandeur  moins  que  ces  dates  du  PCV,  malgre  cela,  que 
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le  poids  moleculaire  des  produits  finals  n’est  pas  different 
de  celui-ciduPCV,  de  I’autre,  que  la  teneur  d ’azote  des  produits 
est  moins  de  60%,  que  la  date  theorique,  malgre  cela,  qu’on 
ne  peut  pas  identifier  dans  les  produits  finals  des  liaisons  doubles, 
aliphatiques. 

Les  polyaminostyrenes  formes  par  la  reaction  entre  le  PCV 
et  I’aniline  se  depolimerisent  a des  temperatures  voisines  de  200°, 
aux  produits,  qui  ont  des  poids  moleculaires  plus  has,  et  sont 
a distiller  par  vapeur  d’eau,  ou  par  vacuum.  Les  produits  d4poly- 
merises  ne  different  pas  par  la  composition  des.  originaux. 

Apres  avoir  isol4  les  composants  volatils  des  autres  produits 
de  reaction  et  determinant  les  poids  moleculaires  moyens,  nous 
les  avons  trouve  par  les  methodes  de  diffusion  ou  de  dialyse  ega- 
lement  comme  valeurs  voisines  de  M = 25  000.  Les  mesures 
ont  appreuve,  que  les  produits  se  distinguent  par  leurs  het4ro- 
dispersit4,  tres  fort,  quoiqu’ils  contiennent  20%  d’un  poids  mo- 
14culaire,  sous  M = 10  000.  (tableau  1). 


Tableau  1 

La  distribution  des  poids  moleculaires  des  produits 
formes  par  la  reaction  entre  PCV  et  Paniline 


Folds,  % 

M moyen 

' 18,6 

> 5 900 

6,0 

5 900—12  600 

9,2 

• 12  600—23  500 

66,2 

< 23  500 

Par  Panalyse  des  produits  formes  dans  la  reaction  entre  PCV 
et  raniline  nous  avons  trouve  avec  les  methodes  differentes,  que 
la  plus  part  de  Pazote  est  presente,  comme  une  amine  prima- 
ire.  Les  dates  des  analyses  nous  avons  resume  dans  le  tab- 
leau 2. 

Ainsi  comme  Paniline  reagissent  les  derives  d’aniline,  sub- 
stituees  en  noyau  ou  en  atome  d ’azote.  L’affinite  de  reaction 
de  ces  aihines  change,  quand  la  charge  relative  de  Patome  d’azote 
se  diminue  par  les  groupes  d ’atome  voisines,  ou  par  la  sub- 
stitution en  noyau.  Aussi  les  stereorelations  peuvent  faire  un 
effet  considerable.  Nous  avons  resume  dans  le  tableau  3 les 
reactions  entre  le  PCV  et  les  amines  differentes.  Le  tableau  montre 

6 3aK.  m Q. 
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la  quantite.de  chlore,  decompose  a une  temperature^de  150  , 
pendant  24  heure,  en  pour  cent  de  quantite  originelle. 

Tableau  2 


Composition  des  produits,  formes  par  la  reaction  entre  PCV  et  I'aniline 


G teneur  

79,3*/o 

de  quoi  primaire  . . 

5,0-5,5% 

H teneur  

8,01% 

secondaire  .... 

0,l-0.2o/o 

Cl  teneur  

, 2,3% 

tertiaire  . . . . 

0,5— 1,5% 

N teneur  . ^ . 

8,3% 

Poids  moleculaires  M 

. 25  000  ■ 

Analyse  des  produits  de  reaction  entre  le  PCV 
et  les  amines  aromatiques 

Tableau  3 


Reagent 

La  mesure 
de  reac- 
tion, % 

Reagent 

La  me- 
sure de 
reaction, 

% 

Aniline  de  methyle  . 

44,5 

L’acide  sulfanilique  . 

2,9 

Aniline  d’ethyle  . . 

19,1 

P-Naphtilamine  . . . 

56,6 

Dimethylaniline  . . 

22,1 

2,3-Xylidine  .... 

67,6 

Diethylaniline  . . . 

0 

Benzidine 

0 

o-Toluidine  . . . . . 

50,7 

m-Chloroaniline  . , . 

14,1 

m-Toluidine  .... 

92,5 

1 p-Chloraniline  . . . 

il  se  rea- 

jp-Toluidine  . • . . . 

84,5 

git  avec 
de  soi 

Tribromoaniline  . . 

3,9 

Anisidine  . . ...  . 

meme 

Diphenylamine  ... 

14,9 

Decomposition  de 

8,0' 

Trlpbenylamine  . . . 

0 

PCV  en  presence  . . 

p-Aminophenol  . . . 

,8,9 

d’eau  

5,1 

' p-Phehylendiamine  . 

1 

54,7 

Aniline  ....... 

78,2 

Les  poliaminostyrenes,  qui  se  forment  par  la  reactions  entre  le 
PCV  et  les  amipes  primaires  aromatiques,  sont  a diazoter  sous 
une  temperature  de  0°  et  a lier  avec  components  colorants.  Par 
cette  Vole  on  pent  former  quelques  poly-azo-colorants  de  quelles 
constitution  bu  FK-component  colorant.  Par  les  conditions  de  la 
conjonction  (liaison)  et  la  qualite  des  components  on  pent  deter- 
miner la  couleur  des  poly-azbcolorants. 
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Avec  le  polychlorure  de  vinylidene  on  pent  former  aussi  quel- 
que  colorants  semblables.  La  couleur  de  ces  poly-azocolorants 
et  conforme  avec  desquelles,  determinees  par  la  constitution  de 
1 ’amine,  mais  les  nuances  sont  un  peu  mates. 

Les  produits,  qui  se  forment  par  la  reaction  entre  PGV  et 
les  amines  melangees  (aryl-alkylamines)  ne  sont  pas  a diazo- 
ter,  mais  on  les  peut  conjoindre  avec  aniline  diazotee. 

Les  colorants  formes  par  les  methodes  decrites  ont  des  quali- 
tes  extraordinaires.  Ils  sont  adaptables  comme  colorants  pour 
PGV  et  determines  par  leurs  poids  moleculaires  plus  elev6s, 
ils  montrent  une  tendance  de  migration  pas  importante. 
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, ABTope4)epaT 

BaaHMOfleHCTBiie  apoMaxHHecKHx  aMHHOB  h nojiHBHHHJixjiopHfla 
KaK  cjie,ityeT  eiqe  He  HasecTHO,  Tan  Kan  aroM  xjiopa  HMeeT'  o^ny 
cbh3Ij,  oueHL  CHJibHyio,  a TeHfl;eHn;HH  k Me>KMOJieKyjiHpHOMy  paa- 
jiojKeHHio  HEX  TOjKe  aobojibho  snauHTejiBHa. 

GorjiacHO  namHM  ortuTaM,  nee  aMHHH,  3aMein;eHHBie  y aaora 
npn  TeMnepaxype  Biime  100°,  pearnpyiox  c IIBX.  GoexaB  npo- 
AyKXOB  aasHCHx  px  npo/tojiJKHxejiBHOcxH  H xeMnepaxypH  peaKitHH 
II  ox  oxHomeHHH  aMHHa  k HEX.  IIpHMeHHH  HebojiBmne  Kojinue- 
CXBa  aMHHOB,  MOH^HO  HOJiyUHXB  ClHHXyK)  CXpyKXypy.  EcJIH  B3flXB 
aMHHBI  B MOJIHpHOM  HJIH  6oJIBmOM  HsSHXKe,  XO  npOflyKXLI  peaKi^HH 

pacxBopnioxcH  b cnnpxe  h cojihhoh  khcjioxc.  Ecjih  npnMeHHXB'HS- 
Shxok  aMHHa,  ho  npH  Menee  bbicokhx  xeMnepaxypax,  xo  npoHOxo- 
AHx  uacxHHHoe  pasjiojKeHHe  iienen  HEX  c MOJieKyjiHpHHMH  secaMH 
OKOJio  25  000  (H3MepeHO  moxo^iom  flH$$y3HH  HJiH  OTaJiHsa). 

npofl;yKXBr  peaKn;HH  fl;Ha30XHpyK)xcH  h couexaioxcH  c rpynnaMH 
KpacHxeJieH.  TaKHMH  peaKniHHMH  mojkho  nojiyunxB  nojinaaoKpa- 
CHxejiH,  Koxopne  Moryx  cJiyu^iixB  OKpamHBaiomHM  MaxepnajiOM  hjih 

HEX. 

ycxaHOBJieHHfl  khhcxhkh  peaKpHH  MejK^y  aHHJiHHOM  h 
HEX  Mti  H3MepHiiH  npH  pasjiHHHBix  xeMHcpaxypax  aHaueHHH  koh- 
cxaHT  cKopocTH  peaKn;HH.  Ha  axnx  ohhxob  mojkho  bubbcxh,  qxo 
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gneprHH  aKTHBai^HH  peaKn;HH  aHHJiHHa  c HEX  npH  naSLiTKe  annJiHHa 
MeHbine,  ^eM  anepran  aKTHBaniHH  MejKMOJieKyjiapHoro  pasJiojKeHHH 

HEX. 

HaafleHO,  hto  noAoSnaa  peaKAHH  Moacex  ripoHaoHTH  a c Apy- 
raMa  3aMein;eHHbiMa  aMaaaMa,  ho  CKopocTB  peaKAaa  saBHcax  ox 
BHAa  aaMecxaxejia. 


Summary 

The  reaction  of  aromatic  amines  and  polyvinylchloride  is  as 
yet  not  very  clear,  since  the  chlorine  atom  has  a single, very  strong 
bond  and- there  is  also  a very  strong  tendency  for  the  intermolecular 
•decomposition  of  the  PVC. 

According  to  our  experiments  all  amines  substituted  at  the 
nitrogen  atom  react  with  PVC  at . temperatures  above  100"^  C. 
The  composition  of  the  products  depends  upon  the  duration  and 
temperature  of  the  reaction  and  upon  the  amine-PVC  ratio. 
With  small  amounts  of  amines  a cross-linked  structure  could 
be  produced.  If  the  amines  are  in  molar  equivalents  or  large  ex- 
cess then  the  products  will  be  soluble  in  alcohol  and  acetic  acid. 
For  excess  amine  but  lower  temperatures  partial  decomposition 
of  the  PVC  chains  with  molecular  weights  about  25000  (measured 
by  the  diffusion  or  dialysis  methods)  takes  place. 

The  products  undergo  diazotation  and  combine  with  dyes.- 
By  means  of  such  reactions  polyazo  dyes  that  may  serve  as  color- 
ing material  for  PVC  were  obtained. 

In  order  to  elucidate  the  kinetics  of  the  reaction  between  ani- 
line and  PVC  we  determined  the  values  for  the  reaction  rate  con- 
stants at  various  temperatures. The  experiments  lead  to  the  con- 
clusion that  with  excess  aniline  the  activation  energy  of  the  reac- 
tion is  less*  than  for  the  intermolecular  decomposition  of  PVC. 

It  has  been  found  that  a similar  reaction  may  occur  with  other 
substituted  amines,  but  the  rate  depends  upon  the  nature  of  the 
substituent. 
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nOJiyqEHHE  nOJIHMEPHbIX  matephajiob, 
OBJIAJi;AK)mHX 

nOJiynPOBOJ^HHKOBLIMH  CBOHCTBAMH 

M.A.r  eudepucG,  E.3.  fl^aehtdoe, 

B.  A.  K p en^e^h^  M.  M.  B y cm  ano  e u u,  JI  o Jian. 

A.B.T  onHue  6^  P.M.Boumenno 

(CCCP) 


riojiynpoBOj^HHKOBLie  CBOHCTBa  onncaHHux  b JiMTepaType  op- 
raHHHecKHX  BemecTB  oSbitoo  CBHaaHH  c najiHHHeM  KOH^eHCHpo- 
BaHHHx  apoMaTH^ecKHX  KOJIe^  H aiOMOB  aaoTa  [1].  BojiBraoH 
HHTepec  noaxoMy  Moryx  npejncxaBJinxi,  nojiHMepu  c con^nmen- 
HHMH  abohhhmh  CBH3flMH,  B ocoSeHHOCTH  co;^epHtain,He  B I^enH  axo- 
MH,  HM6K)mH6  HH  BHGUIHHX  ypOBHHX  3JIGKXpOHLI,  HG  ynaCXByiOIUHG 
B XHMHHGCKOH  CBflSH  (naiipHMGp,  aXOMLI  asOXa).  B XaKHX  nOJIHMG" 
pax  CpaBHHXGJILHO  JIGXKO  BOBHHKaXL  HOCHXGJIH  XOKa,  H 

npH  ;i;ocxaxoB:HO  bbicokoh  pGryjiapHOcxH  cxpyKxypu  nojiHMGpa  pac- 

CGHHHG  BJIGKXpOHOB  B HHX  flOJI?KHO  6HXfc  MaJIO.  TpG6yGMaH  CXGDGHB 
pGPyJIHpHOCXH  M05K6X  6hXI>  Iipn6jIH>KGHHO  OIl,GHGHa  Ha  OCHOBaHHH 
BGJIHHHHH  CB060fl,H0r0  npoSGXa  3JIGKTpOHa  B HOJiynpOBOAHHKG, 
C C-CBH3GH,  Ji;jIHHBI  MOHOMGpHOrO  3BGHa  H BOJIHH 

3JIGKXpOHa.  OpHGHXnpOBOHHHG  paCHGXBI  HOKaSHBaiOX,  HXO  B CJiyHaG 
MaKCHMaJIBHO  BHXHHyXOrOBOJIOKHa,  B KOXOpOM  MOJIGKyJIH  nojiHMGpa 
opHGHXHpoBaHLi  B HanpaBJiGHHH  xoKa,  fljTH  xoro,  hxo6bi  OXCyXCTBO- 
Bajio  paccGHHHG  Ha  HGpGryjiflpnocxflx  cxpynxypBi,  oSycjiOBJiGHHHx 
HGpGryjIHpHOCXBK)  CXpOGHHK, /^OCXaxOHHO,  HX06h  B OCHOBHOH  ^G^H 
nOJIHMGpHOH  MOJIGKyjIBI  Ha  KajKJ^BIG  30 — 35  MOHOMGpHBTX  3BGHBGB 

oxcyxcxBOBajiH  paaBGXBJiGHHH,  cocxoHmHG  SojiGG  HGM  II3  12 — 15  axo- 

MOB  yrnGpo^a. 

Co3^aHHG  nOJIHMGpOB  XaKOH  CXGHGHH  pexyjIHpHOCXH  B HaCXOH- 
m,GG  BpGMH  BHOJIHG  OCyn^GCXBHMO. 

HmGGXCH  PHA  pa60X  [2—4],  nOCBHmGHHHX  nOJiyHGHHK)  HOJIH- 
MGpOB  C COnpHJKGHHBIMH  ;[I;B0MBIMH  CBH3HMH,  XGJraXHBIX  HOJIM- 
MepOB,  a XaKJKG  nOJIHMGpOB,  COflGpH^aipHX  B OCHOBHOH  II,GnH  reXG- 
poaxoMu. 

C H3IIOHCGHHOH  XOHKH  SpGHHH  npGJi;CXaBJIHK)X  HHXGpGC  HpO^yKXBI 

nojiHKOH;i;GHcan,HH  $xajiGBoro  aHrHfl;pH;na  c thapoxhhohom  h 
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npeAnojiojKHTejibHO  HMeiomne  cJieAyiomyK) 

CTpyKTypH: 


IIojiHKOHAeHcaAHfl  npoBOAHJiacb  b npncyTCTBHH  xjiopncToro 

AMHKa  npn  250°. 

IIpeAnojiaraeMafl  CTpyKxypa  o6onx  nojiHMepoB  BacTaBJineT 
* ojKHAaTb  noHBJiGHHH  nojiynpoBOAHHKOBMX  CBOHCTB  BBHfly  conpH- 
JKeHHH  ABOHHHX  CBHSeH  B AHKJlaX  C HenOAeJieHHbIMH  BaJieHXHHMH 
ajiGKxpoHaMH  KHCJiopoAa  H asoxa.  IlapaMarHHTHHe  h aJieKxpHHe- 
CKHG  cBOHCTBa  yKasaHtox  nojiHMepoB  npHseAenbi  b xaSjiHAe  h na 
pHcyHKe  (kphbhg  5 h 6). 

C Aejibio  nojiyqeHHH  xpexMepnoro  nojiHMepa  npn  nojiHKOHAGH- 
caB,HH(J)TajieBoro  anrHApnAa  c thapoxheohom  b peaKAHOnnyio  cnecb 
6biJi  BseAGH  rjiHAepHH,  OAsaKO  axo  cosAanne  nonepeEHHX  cbh- 
aen  He  OKaaajio  aaMexHoro  aghcxbhh  na  ajieKTpH^ecKHe  cboh- 
cxsa. 

HccjieAOBaHHHMH  yHHCJioy  c coxpyAHHKaMH  [3]  noKasaHO,  Hxo 

b pesyjibxaxe  xepMHHecKOH  oSpaSoxKH  hojihbhhhjihaghxjioph- 
Aa  nojiynaiOTCH  npoAyKXbi,  oSjiaAaiorAHe  nojiynpOBOASHKOBLiMH 
CBOHCTBaMH.  B 3XOH  paCoxG  9JieKxpHHecKHe  cBOHCXBa  nojiyneH- 
HHX  BerAecxB  conocxaBJienbi  c hx  napaMarHHTHmm  cbohcx- 
BaMH. 

B HaniHX  pa6oxax^  b oxjiHHHe  ox  pa6ox  YnHCJiGy  AernAPOXJio- 
pnpoBaHHe  nojiHBHHHJixjiopHAa  ocyiAecTBJiHJiocb  narpeBaHHeM  (ao 
250°)  nojiHMepa  co  mejiOHbio;  b KanecxBe  KaxaiEHsaxopa  Shji  Hcnojib- 
soBan  xjiopncxHH  ahhk.  IIojiyHeHHbie  Bemecxsa  AasajiH  cmnaji 
B cneKxpe  ajieKxpoHHoro  napaMarHHXHoro  peaoHanca  (OHP), 
H o6jiaAaJiH  ‘ yAejibHOH  ajieKxponpoBOAHOCxbio  ^ ^ 

H anepraGH  aKXHBaii;HH  0,4  de  (cm.  xaSjiHAy  h pncyHOK). 

XIpeAcxaBJiHGX  xaK>Ke  3HaHHxejibHHHj?HHxepec  naynnxb  npo- 

AyKTLI  XepMHHGCKOrO  HpeBpaiAGHHa  nOJIHaKpHJIOHHTpHJia,  IxOXO- 
pHG  AO  CHX  nop  SblJIH  HCCJIGAOBaHH  XOJIbKO  C XOHKH  apGHHH  HX 

1 B BBinojiHeHHH  3TOH  HacTH  paSoTH  npHHHMaJia  yxacTHe  Maxcea. 
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OjieKTpiiqecKiie  h napaMarHHTHbie  CBoficTBa  nojiynpoBOAHHKOBbix  nojiHMepnwx  MaxepHajiOB 


OOpaOoTKa  1 

Hhcjio  bjick- 
TpOHOB  C Hec« 
napeHHMMH 
CBHHaMH  B 1 2 
. BemecTBa 

§ 

CQ 

CS 

Ck 

n 

nojiHMep  H MBTOA  CFO  nojiyqeHHH 

TepMHqe- 

CKaa, 

xHMHqecBaH 

0, 

npH  20° 

Bnepma 
aKTHBa- 
AHH,  ee 

TepMO- 

BHC  B 

Me/°G 

Tun  npOBOflH- 
MOCTH 

1 

nAH  OKHCJIHTeJIBHO-BOCCTa- 
HOBHxejiBHaH  nojiHMepHsaAHfl 

400 

2,0-1010 

2-10-0 

0,64 

3 

To  >Ke 

400 

B axMOC^epe 
NH3 

2,6-10i» 

2-10-’ 

0,64 

+75 

JI^BIpO^Hafl 

5 

» » 

500 

To  Hce 

2,0-1010 

2 -10-’ 

0,64 

+108 

To  >Ke 

7 

» » 

500 

CUCI2 

1,5-1010 

M0-» 

0,51 

+72 

» » 

4 

IIojiHKOHAeHcaT  (j)TaaeBoro 

anrHApHAa  c rnApoxHHOHOM  . 

250 



5,9-1010 

7 -10-’ 

0,58 

— 

» » 

6 

nojiHKOHAeHcax  $xajieBoro 
aHrHApHAa  C rHApOXHHOHOM  H 
rjraAepHHOM . , 

250 

7,8-1010 

2 -10-’ 

0,55 

2 

nOJIHBHHHJIXJIOpHA 

250 

2,2-101’ 

0 

1 

OQ 

0,4 

— 

— ■ 

9 

TKaHb  na  IIAH  JV2  1 . . . . , 

500 

— 

— 

2-10-^ 

0,43 

+110 

flblpOHHaH 

8 

TKaHL  H3  HAH  JNpo  2 

500 

— ■ 

3-10-3 

0,32 

+81 

To  me 

> IIOJraaKpHIIOHHTpHJI. 

* HoMepa  oOpaaiiOB  cpOTBexcTByiOT  HnneitcaM  y kphbmx  na  pncyHKe. 
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3HaHHTeJibHOH  TepMOCTOHKOCTH  [5].  CymecTsyeT  MHenae,  hto  npif 
TepMHHecKOH  o6pa6oTKe  nojiHaKpnJiOHHTpHJi  npexepneBaeT  cae- 
ayiomne  npeBpameHHH  (5,  6]. 


CHj.  /CH2.  /GHz.  /CH2.  / 

/ ^CH/  \CH/  \GH/  ^GH/ 

I I I I 

c c c c 

N N N N 


GH2  GH2  GHj  GH2 

/ \ / \ /.\  / \ / 

GH  GH  GH  GH 


C G G 

\ /'  \ / \ / \ / 
N N N N 


H flajiee  BCJieflcxBHe  OKHcmiTeabHoro  flerH;^pHpoBaHHH 

GHa  GH2  GHa  GHa 

/\/\/\/\/ 

GH  GH  GH  GH 

I I I I + O2  — 

C C G G 

N N N N 

GH  GH  GH  GH 

/ \ /\  y\y\y 

G G G G 


G G G G 
N N N 


Hajin^ne  conpajKeHHHx  abohhlix  CEHseii,  a TaKH^e  peryjiapHO 
nepejKyioiriiHXCH  aiOMOB  asoia,  y KOTopHX  napa  ajieKxpoHOB,  He 
ocymecTBJiflK)iii,aH  xaMH^iecKyio  cbhbl,  Haxo^HTCH  no^  Bosses- 
CTBHeM  KaK  BHHHJIbHOH  (OTHOCHXeJIbHO  aXOMa  a30Xa),  XaK  H ajl” 
JIHJIBHOH  ffBOHHHX  CBHSeH,  BaCXaBJIHeX  OJKHflaXb  y aXHX  nOJIHMepOB 

nojiynpoBOAHHKOBtix  cbohcxb. 

HaMH  6HjrH  nccjieflOBaHH  nojiynpoBOjiiHHKOBHe  cbohcxb  a npo- 
AyKxoB  xepMHB:ecKoro  npeBpamenna  nojinaKpHJiOHHxpHJia,  nojiy- 
HCHHoro  nojiHMepH3ai],HeH  aKpHJiOHHxpnjia  b npncyxcxBHH  MexaJi- 
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jioopraHHHecKHX  KaTajiHsaxopoB  (LiC4H9)  npn  hhskhx  xeMnepaxy- 
pax  (moji.  Bee.  10  000),  c jrnxHeM  b jkhakom  aMMnaKe,  okhcjihxgjibho- 
BOCCxanoBHxejibHHM  HHHii;HHpoBaHHeM  (moji.  Bee.  100  000),  a xaK>Ke 
noJiHMepa,  nojiyneHnoro  hohhoh  nojiHMepH3aii;HeH  c nocjie^yiomHM 
o6jiy^eHHeM  aosoh  T-najiy^ennH  1,1*10^^  ee, 

TepMOTecKyH)  o6pa6oxKy  nojinaKpHJiOHHxpHJia  ocymecxBJiHJiH 
B BaKyyMe  c oxKa^HBaHneM  BLiAejiHioiAHXCH  raaoB;  b npeABapn- 
xeJiBHO  aBaKynpoBaHHOM  aBxoKJiase;  Ha  Bos^yxe  c nocjieAyioiAHM 
HarpeBaHHeM  ao  ^00— 500°  b BaKyyMe,  a xaKJKe  nOA  AaBJieHneM 

^MMHaKa. 

HcnoJiBsyH  cbotoxbo  nojinaKpHJiOHHxpHJia  Ha6yxaxB  b pacxBO- 
(pax  HeopraHHHecKHX  cojigh,  naMH  6hjih  npnroxOBJieHH  oSpasAH 
upoAyKXOB  xepMHHecKoro  npespaiAeHHH  axoro  noJiHMepa,  coAepjKa- 
mne  2—3%  cojigh  Hcejieaa,  mgah  a xpoMa. 

• IIoJiy^eHHHe  o6pa3ABi  HCCJieAOBajm  c homoiabh)  OIIP;  a-^ih  hg- 

KOXOpHX  H3  HHX  OnpGAeJIHJIH  3aBHCHMOCXB  aJIGKXpOHpOBOAHOCXH 
OX  xGMnepaxypBi.  npH6op  OIIP  h MexoAHKa  H3MepeHHH  onncanBi 
panee  [7];  bcg  HSMepennH  cneKxpoB  9nP  (cm.  xaSjiHAy)  nponsBO- 
AMh  npn  KOMHaxHOH  xeMnepaxype. 

Bo  Bcdx  cAynaHX  hg  Bbijio  CxMeneHO  csepxxoHKOH  cxpyKxypBi 
B cHGKxpe  3nP;  b cooxbgxcxbhh  c peayjiBxaxaMH  Ojiexnepa  [8] 
iia6jiioAa‘^acb  OAHa  oxhochxgjibho  ysKan  jihhhh.  PeayjiBxaxH  hgmg- 
PGHHH  aaBHCHMOCXH  yAGJIBHOH  BJIGKXpOIipOBOAHOCXH  OX  XGMnGpaxy- 
pH,  xepM03JieKXp0ABH?Kyin,eH  CHJIBI  H BHHHCAGHHaH  9HeprHH  aKXH- 
BaAHH  npHBGAGHBI  Ha  pHCyHKG  H B Ta6jIHn;e.  IIpHBeAGHHHe  A^HHHG 
noKaaHBaiox,  hxo  bcg  nojiyHGHHHG  Bemeexsa  oSjiaAaiox  ahpohhoh 
HpOBOAHMOCXBK)  (xGpMOSAC  HOJIOJKHXGJIBHa).  SHaHGHIia  aHGprUH 

aKXHBaAHH  JiGJKax  B upGABJiax  0,65—0,32  de.  yAejiBnaa  aJiGKxpo- 
npoBOAHoexB  npn  20°  ajih  npnBGAeHHHX  o6pa3i];oB  naxoAnxea 
B HHxepBajie  10”^® — 10”^  om''^cm'~^.  Tbkhm  o6pa30M,  anepma  aK- 
TOBaAHH,  aJIGKXpOnpOBOAHOCXB  H XGpMOaAC  HOJiyHGHHHX  HaMH  HOJIH- 

MepHHX  bgdagcxb  hmgiox  nopaAOK  bg jihhhh,  oShhhhh  a^h  nojiy- 
npoBOAHHKOB.  Bo  BCGX  cjiyHaax  HBMGpHXB  a^^GKx  Xojijia  oShhhoh 
exGMOH  HG  yAaJiocb,  c hgm  cxojiKHyjica  xaKace  ynHCJioy;  axo  o6- 
cxoaxGJiBCXBO  naxoAHX  ecxecxBGHHOe  oGbacHGHHe  b MaJiOH  no- 
ABH>KHOCXH  HOCHXGJieH  XOKa  B nOA06HHX  CHCXGMaX.  TepMHHGCKaa 
o6pa6GXKa  nojinaKpHJiOHHxpHJia  hoa  AaBJiGHHGM  aMMnaKa  npnBOAHX 
K SHaHHXGJIBHOMy  HOBHinGHHIO  aJIGKXpOHpOBOAHOCXH.  IIpH  BBG- 
Aghhh  cohgh  MGxaJiJiOB,  KpoMG  xoxo,  saMGXHO  cHHHcaGxca  anepnia 
aKXHBaAHH. 

B Haexoamee  BpeMa  naMH  npoAOJiJKaexca  AexajiBHoe  hccjigao- 

BaHHG  HOJiyHGHHHX  HOJiynpOBOAHHKOBHX  BGBAGCXB  C AGJIBK)  BH- 
acHGHHa  MexaHH3Ma  hpoboahmocxh  h CBaan  aJceKxponpoBOAHOcxn 
e XHMHHGCKOH  cxpyKxypOH  noAHMGpa;  npoAOAjKaioxca  xaKHce  pa- 
6oxH  ho  nOJiyHGHHH)  HOBHX  nOJIHMGpOB  C nOJiynpOBOAHHKOBBIMH 
CBOHCXBaMH. 
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Summary 

Thermal  treatment  of  polyacrylonitrile  synthesized  by  means 
of  ionic  polymerization, radiation  polymerization  or  oxidoreductive 
initiation  yielded  substances  giving  signals  in  the  ER  spectrum 
and  possessing  semiconductor  properties.  From  the  temperature 
dependence  of  the  electroconductivity  the  activation  energy  was 
determined  and  from  the  data  on  the  ER  spectra  the  number  of 
unpaired  electrons  (=1.10^® — 5.10^®  per  gram)  was  calculated. 
The  thermoelectromotive  force  was  determined  and  the  existence 
of  a Hall  effect  established. 

Addition  of  copper,  iron  and  chromium  ions  to  the  initial 
polymer  lowers  the  activation  energy  and  increases  the  width 
of  the  ER  signal. 

. On  dehydrobromination  of  natural  rubber  bromides  and  de- 
hydrochlorination of  polyvinylchloride  conjugated  double  bond 
polymers  were  obtained  and  their  electrical  properties  were  de- 
termined. 

Semiconductor  properties  were  found  in  condensation  products 
of  phthalic  anhydride  with  hydroquinone  and  the  activation 
energy  of  these  compounds  was  determined. 


Resume 

Par  le  traitement  thermique  de  polyacrilonitrile,  synthetise 
moyennant  la  polymerisation  ionique,  la  polymerisation  par  la 
radiation  etl’amor^age  redox  on  a obtenu  des  substances  qui  don- 
nent  des  signaux  en  spectre  REP  et  possedent  les  proprietes 
de  semiconducteur. 
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Suivant  la  nature  de  la  dependance  entre  la  conductibilit^ 
electrique  et  la  temperature  on  a determine  Tenergie  deactivation; 
selon  les  donnees  du  spectre  REP  on  a calcule  le  nombre  d’ elec- 
trons libres  qui  s’est  revele  egal  a 1.10^®— 5.10^®  par  gramme  do 
substance.  On  a determine  une  force  thermo-electromotrice  et 
on  a decouvert  Teffet  Hall. 

L’ introduction  des  ions  du  cuivre  du  fer  et  du  chrome  cause 
un  affaiblissement  d’energie  d’ activation  et  une  dilatation  de 
signal  en  spectre  REP. 

A la  suite  de  la  dehydrobromuration  de  caoutchouc  naturel 
et  de  la  dehydrochloruration  de  polychlorure  de  vinyle  on  a ob- 
tenu  les  polymeres  avec  doubles  liaisons  conjuguees  et  on  a etu- 
die  leurs  propriety  electriques. 

On  a etabli  Texistence  des  proprietes  de  semiconducteur  chez 
les  produits  de  polycondensation  d ’anhydride  phtalique  avec 
I’hydroquinone  et  on  a determine  I’energie  d ’activation  pour  ces 
substances. 
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CHEMICAL  PROPERTIES 

OF  BIPOLAR  ELECTROLYTE-EXCHANGE  RESINS 

J*  A.  Mihes^  L,  I,  Kov  a c s 

(Hungary) 


The  Bipolar  Electrolyte-Exchange  Resins  (BEE)  are  synthetic, 
insoluble  cross-linked  macromolecules,  carrying  ionic  active 
groups,  both  of  positive  and  negative  charge.  In  non-monofunc- 
tional ion  exchange  resins,  there  are  in  certain  cases  on  the  ske- 
leton polar  groups  of  opposite  charge  to  those,  carrying  out  the 
main  reaction  of  the  resin.  These  oppositly-charged  groups  re- 
present lower  ionic  strength,  than  necessary  to  accomplish  prac- 
tical ion  exchange  reactions.  Unlike  these,  in  BEE  resins  the 
positive  and  negative  active  groups  produce  practical  clemical 
ion-reactions,  with  other  words,  their  dissociation,  constants 
Kfi  amounts  higher  than  — 10"®. 

A weak,  polar,  oppositly  charged  active  group  in  a non-mono- 
functional  ion  exchange  resin  renders  the  removal  of  the  regene- 
rating chemicals  more  difficult,  or  at  the  utmost  it  produces  an 
adsorptive  effect,  e,  g.  it  decolorizes  the  solution.  On  the  other 
hand,  both  types  of  active  groups  in  a BEE  resin  participate  in 
the  effective  ion  exchange  reactions. 

There  are  three  main  questions,  to  answer  of  basic  importance 
as  to  the  character  and  behaviour  of  a BEE  resin: 

1.  Positivly  and  negativly  charged  ionic  groups  are  attached 
to  the  same  macromolecular  chain  in  a BEE  resin.  These  groups 
are  situated  near  to  each  other  and  there  exists  the  possibility 
of  an  interaction  between  their  ionic  binding  powers.  First  questi- 
'On:  do  the  single  active  groups  act  independently  from  each 
other  or  are  they  disturbed  by  the  reversely  charged  active  groups? 
Is  it  possible,  to  evaluate  one  by  one  the  cation  exchange  and  the 
anion  exchange  capacities  of  a BEE? 

2.  Positive  and  negative  charges  are  situated  in  each  other's 
effective  ranges.  Do  the  neighbouring  oppositly  charged  active 
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groups  exert  any  influence  on  the  ionic  strength  of  the  partner  or 
does  the  capacity-behaviour  remain  undisturbed? 

3.  The  ion  exchange  affinity  controls  the  equilibriumstates* 
in  different  solutions,  or  in  different  dynamic  exchange  reactions. 
There  are  not  many  details  available  from  the  literature  about 


pH 


; 2 3 ^ 3 6 


mequ/g  resin 

Fig.  1.  pH-titration  curves 

Po ten tiome trie  pH -curves  of  BEE  cationic  and  anionic  groups 
resp.,  and  of  the  corresponding  monofunctional  resins. 

,f  — Mykion  PS;  o Mykion^PA;  -1 BEE  (anion);  X — BEE  (cation) 

ion  exchange  affinity,  but  it  is  accepted,  that  beside  the  chemical 
individual  structure  of  the  active  groups,  their  polarity,  too,  has 
a considerable  effect.  Since  the  polarity  of  a group  is  influenced 
by  a charge  in  its  vicinity,  is  there  any  difference  to  be  observed 
in  the  uptake,  or  equilibrium  behaviour  of  the  cationic  and  anio- 
nic parts,  resp.,  of  a BEE,  in  comparison  with  a monofunctional 
ion  exchange  resin  of  the  same  kind? 

. The  first  question  could.be  expressed  in  another  form:  Can 
the  cationic  or  anionic  exchange  capacity  of  a BEE  be  estima- 
ted in  the  same  way  as  it  is  generally  done  with  monofunctional  re- 
sins? Regeneration  of  the  BEE  causes  certain  difficulties:  lea- 
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ching  the  resin  with  acid  or  alkali  results  a regeneration  of  one 
kind  . of  groups  while  exhaustion  of  the  other.  There- are  two,  ways 
for  evaluating  separate  capacity  values:  an  acid-leached 
BEE  is  washed  with  alcohol,  thus  converting  the  anionic  inte 
H+  form,  and  the  cationic  groups  into  e,  g.  Cl"  form.  Measuring  • 
the  capacity  with  salt  solutions  we  were  able  to  analyse  the:salt 
splitting  capacity  of  the  cation  exchange  resin  included  in  BEE. 
Similarly,  alkali  leaching  followed  by  washing  with  alcohol 
results  in  an  alkali  resp.  OH"  resin,  which  acts  as  an  anion 
exchanger  when  treated  with  salt  solutions.  In  order  to  evaluate 
the  weak  or  semi-weak  groups,  we  carried  out  after  alkaline  re- 
generation an  acid  titration  of  the  resin,  and  alkali-titration  after 
acid  leach.  In  some  cases  the  alkali  solution  used  for  titration 
caused  an  OH  "-exchange  on  the  Cl  "-form  groups,  and,  the  mea- 
suring acid  a H+  exchange  on  the  alkali-form  groups,  respectively^ 
thus  falsifying  the  results.  Therefore  we  used  the  measuring  rea- 
gent in  a concentration  not  higher  than  1/100  normal  (fig.  1). 

These  results  gave  a positive  answer 
to  our  first  question:  the  single  groups 
of  a BEE  react  independently  and  stoi- 
chiometrically,  the  influence  of  the  environment  howe- 
ver, may  alter  the  conversion. 

The  second  question  is  whether  an  active  group  in  a BEE  acts 
in  the  same  way  and  with  the  same  ionic  strength,  as  the  same- 
group  would  do  in  a monofunctional  ion  exchagne  resin.  To  re- 
ceive comparable  data,  we  have  chosen  a modeltype  for  our  mea- 
surements, which  consists  of  a crosslinked  polystyrene  polymer 
in  bead-form,  in  which  the  «monofunctionl»  acidic  groups  are 
sulfonic  acid  groups  and  for  the  anion-exchange  reactions  uniform 
quaternery  ammonium-bases,  represent  the  basic  active  groups. 
The  mentioned  estimations  of  ion-binding  ability,  resulted  in 
the  capacity-data  described  in  table  1. 


Table  1 

Ion  Exchange  Capacities  of  BEE  resins 


Anion  Exchange  Capacity  | 

Cation  Exchange  Capacity 

Pg 

BEE  1 

Mykion  PA+ 

BEE  1 

Mykion  PS+ 

mequ/g  | 

%* 

mequ/g 

.% 

mequ/g 

i % 

mequ/g 

% 

NaCl 

1,50 

86,5 

3,27 

97,5 

1,85 

88,5 

4,35 

98,0 

Na2S04 

1,55 

89,6 

3,34 

99,6 

1,80 

86,1 

4,40 

99,1 

MgSOi 

1,70 

98,4 

— 

■■  — 

2,03 

97,1 

4,46 

100,0 

NaAc 

• — 

— 

“ , 

_ 

2,09 

100 

4,44  ■ 

100,0 

NH4CI 

1,73 

100 

3,36 

100 

— 

— 

— 

- 
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The  BEE  resin  has  the  same  active  groups  as  PA  and  PS 
resins  have,  with  different  absolute  capacity 

The  results  show  somewhat  diminished  conversions  for  BEE 
measurements,  compared  to  monofunctional  ion  exchangers  with 
» the  same  active,  groups,  when  the  resins  set  free  acids  or  bases  of 
considerable  ionic  strength.  This  means  a certain 
loss  in  the  polarity  or  ionic  strength 
o f the  active  groups.  There  is  no  evidance  to  assume 
that  only  a part  of  the  available  active  groups  would  be  partici- 
pitating  in  the  reactions,  last  but  not  least,  because  the  theoreti- 
cal capacity  data,  fixed  by  controlling  the  steps  of  the  synthesis 
of  the  resin,  were  almost  quantitatively  obtained.  Thus  it  seemed 
reasonable  to  mark,  in  the  table,  the  maximum  values  with 
100%.  ' 

To  evaluate  selectivity-relations  with  respect  to  different 
metallic  ions,  between  ion  exchange  resin  and  BEE,  we  made  two 
series  of  experiments: 

a.  we  determined  in  the  equilibrium  state  the  equilibrium- 
capacities  in  bulk,  by  the  well  known  static  method,  and 

b.  we  measured  in  column  operation  the  dynamic  equilibrium 
-of  the  resin. 

The  static  test  was  carried  out  in  1 N Na-salt  and  0,1  N 
metallic  salt  solutions,  the  anions  of  the  Na-salt  being  the  same 
as  those  of  the  metallic  salt.  For  the  dynamic  experiments  we 
used  BEE  resin  in  NaCl  form,  the  influent  solution  having 
^ 1 N NaCl  and  0,01  N MeGl  content.  At  the  end  of  the  run  the 
effluent  had  equal  concentration  to  that  of  the  influent.  The  re- 
sults are  given  in  Table  2 and  3 respectively. 

The  theoretical  uptake  of  metallic  ions  was  calculated  as  fol- 
lows: 

Where  a — anion  axchange  capacity  of  a given  BEE  column, 
c — the  cation  exchange  capacity  of  the  same,  x and  y are  the 
specific  uptake-ratios  relating  to  the  given  metallic  ion  of 
a monofunctional  quaternery  base,  and  SO3H  resin,  respecti- 
vely. 

By  the  effectiveness  we  understand  the  product  of  the  found 
and  calculated  BEE  uptake-values  relating  to  a metallic  ion: 

'”pract/Kh=*2  • 

The  measurements  of  table  2 and  3 were  carried  out  on  BEE 
resins,  the  cationic  and  anionic  capacities  of  which  were  nearly 
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equal,  viz.  + / — ratio  of  the  active  groups  was  1,2.  At  this 
ratio  the  maximum  binding  of  polyvalent  and  heavy  metallic 
ions  was  obtained.  We  extended  our  experiments  to  BEE  resins 


Table  2 

BEE  — Resin  Na  Me  Selectivity 
(Static  Method) 


1 N Na— Salt+ 

Specific  uptake,  % ' 

BEE— uptake 
mequ  Me/10  ml 

0,1  N Me— 
Salt 

Mykion 

PA" 

Mykion 

PS* 

calculated^ 

resin 

found 

Effectiveness® 

KCl 

0,0 

12 

0,408 

0,416 

1,02 

K2SO4 

0,0 

15 

0,510 

0,520 

1,02 

MgCU 

0,0 

26,4 

0,965 

0,981 

1,01 

MgS04 

0,0 

25,6  . 

0,870 

0,883 

1,01 

Mg(N03)2 

0,0 

27,2 

0,925 

0,953 

1,03 

ZnCla 

10,1 

71,8 

2,96 

3,41 

1,16 

Zn(N03)2 

0,0 

48,8 

1,66 

2,12 

1,28 

ZnSOa 

0,0 

59,0 

2,01  • 

2,79 

1,39  (Footnotes:) 

ZdAc 

0,0 

36,6 

1,24 

2,34 

1,89 

CuCU 

0,0 

81,5 

2,78 

3,30 

1 Estimated  Me- 

Cu(N03)3 

0,0 

69,2 

2,36 

3,18 

\ 35  content  X 100/Capa- 
* city 

1,27  ^ 

C11SO4 

4,0 

50,6 

2,06 

2,62 

G0CI2 

1,6 

72,3 

1,78 

1,93 

1,09 

Co(N08)2 

0,0 

60,0 

2;  04 

2,66 

ax  ~\- cy 

C0S04 

0,0 

68,0 

2,33 

2,81 

1,21 

NiCla 

1,0 

80,3 

2,76 

3,14 

1,14 

Ni(N03)2 

6,9 

74,0 

2,89 

3,28 

1,148  s = 

(see  text) 

NiS04 

1,0 

47,2 

1,67 

2,38  . 

1,43  « 

FeCla 

1,6 

100,0 

3,46 

3,78 

1,09  See  Table  1. 

Fe(N03)3 

1,6 

71,0 

2,52 

3,09 

1,23 

Fe2(S04)8 

4,2 

57,5 

2,16 

5,42 

2,51 

7 3aKa3  414 
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with  +/— ratios  other  than  unity, '"and  measured  in  a given  pro- 
cess the  effectiveness,  e,  of- a series  of  resins  with  ratios  from  0 
to  6.  The  results  are  given  in  Fig.  2.  The  curve  shows  a definite 


Fig.  2.  Effectiveness  e of  BEE  resins  of  different  cati- 
on-exchange-capacity /anion-exchange-capacity. 


The  +/  — (SO3  Me+/R4N+A-)  ratio  being  plotted  apainst  the 
mpract/^^Hh  (e),  in  the  equilibrium  data  of 

the  same  Na+/heavy  Me+  exchange. 

maximum  and  falls  at  higher  +/ — values  below  unity.  The  maxi- 
mum is  determined  by  the  chemical  structure  of  the  active. group, 
while  the  slope  of  the  curve  by  the  reacting  metallic  ions. 


Table  3 

BEE  — Resin  Na  Me  Selectivity 
(Dynamic  Method) 


■I 

1 N NaCl  + J 
0,01  N MeCln 

Specific  uptake  % ^ 

BEE  — uptake  inequa 
Me/10  ml  resin  1 

Effective- 
ness * 

Mykion  PA^ 

Mykion  PS/ 

calculated  ^ 

found 

KCl 

0,0 

3,5 

0,120 

1,121 

1,01 

MgClj 

— 

9,1 

0,303 

0,309 

1,03 

CuCh 

1,2 

'64,4 

2,26 

2,40 

1,00 

CoCU 

0,0 

58,3 

1,98 

2,75 

1,40 

FeCls 

4,4  • 

116,0 

2,14  ^ 

'3,05 

1,42 

* See  Table  2. 
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, ABTope(J)epaT 

BnnojiflpHHe  3JieKTpojiHTHO-o6MeHHHe  cmojih  (B9C)  npefl- 
CTaBJiHioT  C060H  CMOJIH  CO  cmHTOH  CTpyKTypoH,  B MaKpoMOjienyjiax 
KOTOpHX  HMeiOTCH  KaK  KHCJIHC,  TBK  H OCHOBHHO  HOHHHe  (|)yHKn;HO- 
HaJibHHG  rpynnn.  B npoTHBonojiojKHOCTb  oSnraoMy  HanpaBjicHiiio 
B XHMHH  HOHOoSmCHHHX  CMOJI,  r;^e  3(|)(|)eKTHBH0  AGHCTByiOmHMH 
CHHTaioTCH  OAHonojiHpHHC  CMOJIH,  npaKTH^ecKOc  npHMeneHHe  cmoji 
B9C  ocHOBano  na  hx  SHnojiapnocTii,  nanpHMop,  npH  ^eMHHepaJiiiaa- 
i^HH  pacTBopoB  6e3  KaKorO“jin6o  ji,a>Ke  MecTHOro  hjih  KpaTKOBpe- 
MCHHOrO  HSMeHGHHH  BeJIHHHHH  pH. 

MnoronojiflpHHe  HOHOo6MeHHHKH  oSjia^aioT  aKTHBHHMH  rpyn- 
naMH  CO  snaTOTejibHOH  KOHCxaHTon  AHCCon;Han;HH,  Hecym;HMH  no- 
JIO>KHTeJIbHHH  HJIH  OTpHIi;aTeJIbHHH  SapflA-  KpOMO  TOrO,  B COCTaB 
3THX  CMOJI  BXOAHT,  B BH^e  HpHMeCGH,  CHOCOShHC  K HOHH3aii;HH‘ HO- 

AHpHbie  rpynnbi  c hpothbohojiojkhhm  3apHAOM,  ho  c mbjioh  koh- 
CTaHTOH  flHCCOAHaAHH  10“®  “ 10*^®).. 

9tO  BH3HBaeT  Te  >Ke  TpyAHOCTH  npH  npOMHBKe  cmoji  AO  hch:- 
TpaJIbHOH  peaKAHH,  KaKne  B03HHKaK)T  npn  npOMHBKC  aHHOHHO- 

o6MeHHHx  CMOJI  c (j^GHOJibKHM  iHApoKCHjioM  (Amborlite  IR  4B 
HJIH  AN  — 2F).  B TO  >Ke  bpgmh  iiojiojKHiejibHHe  h oTpHAaTejibHHe 
rpynnH  B9C  o6jiaAaK)T  paBHHMH  KOHCxaHTaMH  AHCCon;Han;HH,  co- 

OTBGTCTByiOIAHMH  HpaKTHHeCKH  HpHMeHKeMOH  BOJIHHHHe  K . 

9th  rpynnH  KaK  c nojion^HxejibHHM,  xaK  h c oxpHAaxejibHHM 
aapHAOM  ynacTByioT  b npoAecce  kbk  nojieSHHe  KOMnonenTH,  CBHr 
3HBaH  HOHH  npOTHBOHOJIOJKHOrO  3apHAa  HJIH  pGryjiHpyfl  nOJIHp- 
HOCTb  CMOJIH. 

HMeexcH  xpH  rjiaBHHx  Bonpoca,  na  Koxopne  aojihcch  bbiTb  Aan 
OTBex  npn  o6cy>KAeHHH  ochobhhx  cbohctb  cmojih  B9C. 

1.  /]|eHCTByiOT  JIH  OTAeJIbHHe  aKTHBHHG  rpyHHH  HG3aBMCHM0 
Apyr  OT  Apyra  h hg  SjiOKnpyioxcH  jih  ohh  npoxHBOnojiOH^no  3apfl- 
JKGHHHMH  aKTHBHHMH  rpynnaMH,  npH  CTGXHOMGTpHHGCKHX  COOT- 
HOmGHHHX. 

2.  OKasHBaioT  jih  aapnjKGHHHG  aKTHBHHG  rpynnH  bjihhhhg  na 
CTGnGHb  AHCCOAHaAHH  aKTHBHHX  rpynn  Apyroro  BHAa. 

3.  ByAGT  JIH  HaSjiioAaTbCH  pa3HHn;a  b o6mghhoh  gmkqcth  hjih 
B paBHOBGCHHx  CBOHCTBax  KaxHOHHbix  HJIH  BHHOHHHX  rpynn  B9C 
no  CpaBHGHHK)  C MOHO(j)yHKIi;HOHaJIbHHMH  KaXHOHO-  HJIH  aHHOHO- 
o6mGHHHMH  CMOJiaMH. 

Ha  ocnoBaHHH  naniHX  OKcnGpHMGHTOB  mohcho  CHHxaxb  ycxa- 
HOBJIGHHHM  CJIGAyiOIAGG: 

1 . B CHGAHaJIbHHX  yCJIOBHHX  OTAOJIbHHG  aKTHBHHG  rpynHH  CHO- 

co6hh  AOHCTBOBaTb  HGsaBHCHMO  OT  rpynn  Apyroro  BHAa.  Ha  ocho- 
BaHHH  3Toro  HaM  yAajiocb  paapaSoTaxb  aHajiHXHHGCKHG  mgtoah 
OnpGAeJIGHHH  3JIGKTpOJIHTHO-o6MGHHOH  6MK0CTH  CMOJI  B9C. 
KaxHOHHO-oGMGHHan  cmkoctb  moh<gt  6HTb  ycxanoBJiGHa  no 

ObMGHy  MGHCAy  lAeJIOHHHMH  H meJI0HH03GMGJIbHHMH  HOHaMH,  BHH- 
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OHO-o6MeHHaH  eMKOCTB  no  o6uejiy  Cl  na  SO4,  ecjin  oSpaxHHe  no 
3HaKy  rpynnti  cxaGnjiHSHpoBaHLi  n peaKn,HH  o6MeHa  J^JIH  axnx 
rpynn  ycxpanenH, . Ho  Jinan  ‘ eMKOCXb  cmoji  B3C  mojkox^hxb  ycxa- 
HOBJiena  no  Ha6jiH)AeHHio  sa  ncneaHOBenneM  MgS04  b’  pacxBope, 
npo(|)HJii)XpoBaHHOM  nepea  cjion  B9C . .. 

2..CTeneHbfAHCCOi^Han,HH  aKTHBHbix  rpynn  yMenbrnaeTcn  b npn- 
cyxcxBHH  oSpaxHHx  no  anany  rpynn. 

OAnaKO,  nojinan  eMKocTb . mokgt  Ghtb  naMepena  no  norjiome- 
HHK)  aAGTaxa  naxpHn  npn  noHn^KennoH  . xaKHM  o6paaoM  cxenenn 
H0HH3ail,HH.  ^ ‘ 

.B  npHcyxcxBHH  aKTHBHHX’ rpynn  cpeAnen  khcjioxhocth  hjih  oc- 
HOBHOCXH  nojiHpnocxb  peaKAHonnoH  cpeAH  AOJunna  Shxb  nonn- 
TKena  ycxpanenna  mApoJinaa, 

3.  OcoSennocxb  paBHOBecna  npn  yAaJiennn  hohob  MexaJiJiOB 
BHpancaexcn  b xoM^  .nxo'  ne  Ha6jiioAaexcH  nnKanon  paaHHn;i>i  npn 
napaJiJieJibHOM  cpaBnennH  ero  c paBHOBeCHUM  cocxoanneM  oaho- 
noJiapHHX  KaxHOHO-  n cooTBexciBenno  annoHO-oSMeHHLix  cmoji. 

B SojibniHHCXBe  cJiyaaeB  A^ia  nepexoAHUx  ajieMenxoB  n hohob 
Ta>KeJiBix  MexaJiJiOB  naCjiioAaexca  anaaHxeJiBHO  6ojiee  bhcokog  paB- 
HOBecHOe  norJioiAeHHe  CMOJiaMH  B9C,  hgm  cjieAyex  no  cxexnoMex- 
pnaecKHM  pacaexaM.  . 


Resume 

Les  resines  d'echange  electrolytique  bipolaires  (E.E.B) 
sont  des  resines  a structure  reticulee  dont  les  macromolecules 
c.omportent  des  groupes  fonctionnels  ionique  acides  et  basiques. 

Contrairement  a la  direction  courante  dans  la  cbimie  de  re- 
sines  d'echange  d’ions,  ou  les  resines  monopolaires  sont  consi- 
deres  actives,  T application  pratique  des  resines  (E.E.B.)  est 
base  sur  leur  bipolarite  par  example  lors  de  la  demineralisation 
des  solutions  sans  meme  quelque  changement  local  ou  court 
de  la  valeur  pH. 

'Les  echangeurs  d^ions  multipolaires  ont  des  groupes  actifs 
a -constante  considerable  de  dissociation  portant  une  charge 
positive  ou  negative.  Outre  cela  dans  la  composition  de  ces  re- 
sines entre  comme  impuretes  les  groupes  polaires,  capables 
deionisation  qui  portent  une  charge  inverse  mais  ont  une  petite 
constante,  de  dissociation. 

{K  10-8 -- 10-10) 

Ce  fait  cause  les  memes  difficult^  pendant  le  lavage  des 
resines  jusqu^  a la  reaction  neutre  qui  apparaissent  au  cours  du 
lavage  des  echangeurs  anioniques  avec  Lhydroxyle.  phenolique 
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(Amberlite  JR  4B  ou  AN  — 2r).  Em  meme  temps  les  groupes 
positifs  et  negatifs  E.E.B.  ont  des  constantes  de  dissociation 
egales  correspondant  pratiquement  a la  valeur  utilisee 

Ces  groupes  charge  negativement  aussi  bien  que  positivement 
participant  au  processus  comma  un  constituant  util  du  liant  les 
ions  d'une  charge  inverse  ou  en  regulant  la  polarite  des  resines. 

II  existe  trois  questions  auquelles  on  doit  repondre  en  dis- 
cutant  les  proprietes  principales  de  resine  E.E.B. 

1.  Est-ce  que  les  groupes  actifs  separes  agissent  independam- 
ment  Tun  de  T autre  et  ne  sont  pas  bloques  pas  des  groupes  actifs 
a charge  inverse  dans  les  rapports  stechiometriques? 

2.  Les  groupes  actifs  charges  exercent-ils  Tinfluence  sur  le 
degre  de  dissociation  des  groupes  actifs  d' autre  espece.^ 

3.  Est- cequ' on  observe  la  difference  dans  la  capacite  d'echange 

ou  dans  les  proprietes  equilibres  des  groupes  cationiques  et 
anioniques  E.E.B.  par. rapport  aux  resines  echangeuses  d'anions 
et  de  cations.  ' . 

D'apres  nos  experimentations  on  pent  etablir: 

1.  Dans  des  conditions  speciales  les  groupes  actifs  isoles 
sont  aptes  a agir  independamment  des  groupes  d'autre  espece. 
Grace  a ce  fait  nous  avons  reussi  a elaborer  des  methodes  ana- 
lytiques  pour  determiner  la  capacite  d’echange  electrolitique 
des  resines  E.E.B. 

La  capacite  d'echange  cationique  peut  etre  etablie  suivant 
Techange  entre  des  ions  alcalins  et  alcalino-terreux,  la  capacite 
d’6change  anionique  — suivant  Fechange  Cl  et  SO4  si  les  groupes 
a charges  inverses  sont  stabilises  et  les  reactions  d'echange 
pour  ces  groupes  n'ont  pas  lieu. 

La  capacite  totale  des  resines  E.E.B.  peut  etre  detenninoe 
d^apres  Tobservation  de  la  disparition  de  MgS04  en  solution  fil- 
trce  a travers  la  couche  de  resine  E.E.B. 

2.  Le  degre  de  dissociation  des  groupes  actifs  diminue  en  pre- 
sence des  groupes  a charges  inverses. 

Cependant  la  capacite  totale  peut-etre  mesuree  d’apres  Tab- 
sorption  de  Tacetate  sodique  a degre  d’ionisation  ainsi  rcduit. 

En  presence  des  groupes  actifs  de  basicite  ou  d’acidite  moyenne 
la  polarite  du  milieu  reactionnel  doit  etre  baissee  pour  eliminer 
r hydrolyse. 

3.  La  particularite  de  Tequilibre  dans  le  cas  d’elimination 
des  ions  des  metaux  se  traduit  a ce  qu'on  n 'observe  aucune  dif- 
ference en  le  comparant  a Tetat  d'equilibre  des  resines  monopo- 
laires  d'echange  cationique  et  respectivement  anionique. 

Dans  la  plupart  des  cas  pour  les  ions  et  elements  transitifs 
des  metaux  lourds  on  observe  une  absorption  equilibree  par  les 
resines  E.E.B.  beaucoiip  plus  haute  qu'il  resulte  des  calculs 
stechiometriques. 
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THE  INFLUENCE  OF  STRUCTURE 
OF  ORGANIC  AMINO  COMPOUNDS  ON  THE  PROPERTIES 
OF  ANION  EXCHANGE  RESINS  ON  THE  POLYSTYRENE 

BASIS 

T.  /.  llab  e A;,  J,  M or  a iv  i e c 
(Poland) 


Polycondensation  of  chloromethylated  polystyrene  crossliii- 
ked  with  5 per  cent  of  divinylbenzene  with  alpha-phenylethyle- 
amine  was  carried  out  in  dioxane  medium  at  the  temperature  of 
60°.  The  obtained  product  is  not  an  ion  exchanger,  although  it 
has  been  accertained  that  80  per  cent  of  chlorine  contained  in  the 
starting  polymer  underwent  substitution  by  amine. 

The  same  results  were  obtained  in  the  case  of  the  polyconden- 
sation  of  the  same  starting  polymer  with  aniline.  Condensation 
with,  N-di  methyl  aniline  carried  out  under  the  same  conditions  yiel- 
deb  a product  possesing  properties  of  a medium  base  anion  exchan- 
ge resin  of  capacity  of  1,25  mval/g.  constituting  50  per  cent  of 
the  theoretical  possible  exchange  capacity. 

Further  pblycondensations  with  benzylamine,  beta-phenyl- 
ethylamine,  gamma-phenylpropylamine  and  their  N-dimethyl  deri- 
yatiVes  are  being  axamined.  An  attempt  of  explanation  the  be- 
haviour of  obtained  ion  exchange  resins  is  given  and  discussed. 


' f ■ ■ ■ ' ^ 

' AfiTope^iepaT 

IIojiHKOHfleHcauHH  xjiopMeTHJinpoBaHHoro  nojiHCTHpojia,  cmn- 
Toro  5%  nHBHHHJiSeHsojia,  c a-cJieHHjiaTHjiaMHHOM  npoBOflUJiacn 
B cpe^e  ^HOKcana  npn  TeMuepaxype  60°.  HojiyuenHUH  npo^yKT 
He  HBjiHexcH  HOHOoSMeHHHKOM,  XOTH  80%  xjiopa,  co^epH^aBinerocH 
B HcxoflHOM  nojiHMepe,  6hjio  aaMemeno  na  aiviuH.  TaKne  me  peayjib- 
xaxH  6hjih  nojiyueHH  npH  nojiHKOH^eHcaituu  xoro  me  ncxoAHoro 
nojiHMepa  c anujiuHOivi.  Upn  KOH/i;eHcaii,HH  c N-j^HMexHJiaHHJiHHOM 
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B Tex . me  ycjiOBHHx  nojiyneH  npo^yKT,  o6jiaAaK)m,HM  CBOHCTuaMH 
aHH0H006MeHHHX  CMOJI  C oSMeHHOH  eMKOCTbK)  1,25  M2-9Ke/2,  HTO 
cooTBexcTByex  50%  TeopexH^ecKH  bo3mo>khom  aKxHBHOcxH. 

Mccjie;i;yH)TCfl  npoAyKXH  KOHj^eHcari,HH  c 6eH3HjiaMHHOM, 
p-{J)eHHJI3XHJiaMHHOM,  Y"$eHHJinpOnMJiaMHHOM.  CfleJiaHM  nOnbITKH 
OOTiHCHeHHH  CBOHCTB  nOJiyBGHHHX  H0H006MeHHHX  CMOJI. 


Resume 

La  poly  condensation  de  styrolene  chloromethyie,  reticule 
par  5%  de  divinylbenzene,  avec  le  a-phenylethylamine,  etait 
conduit  en  milueu  de  dioxane  a temperature*  60°. 

Le  produit  obtenus  n’est  pas  Lechangeur  d'ions,  bien  que 
le  80%  de  cblore,  comportant  en  polymere  initiale  etait  substi- 
tue  par  amine.  Le  meme  resultat  etait  obtenu  en  partant  de 
meme  polymere  avec  raniline.  En  condensant  de  polymere  avec 
de  N-dimetbyl aniline  en  meme  conditions  etait  obtenu  le  produit, 
possedant  de  proprietes  des  resines  echangeurs  d’anions  avec  la 
capacite  d’echange  1,25  mg.  eq./g. 

On  etudiont  aussi  les  produits  de  condensation  avec  le  benzyl- 
amine,  p-phenyl  ethyl  amine  et  Propylamine.  QueL 

ques  tentatives  pour  expliquer  des  proprietes  des  composes  obte- 
nus etait  fait. 
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CBflSbIBAHHE  HOHOB  H 0BPA30BAHHE 
HEPACTBOPHMWX  B BOflE  COJIE0 
nOJIHMETAKPHJIOBOfl  KHCJIOTbl 

H.  M uccaa  Au 
(HapaanB) 


ABTope(J)epaT 

BBefl;eH0:e  ^ByxBajieHTHHX  KaxHOHOB  b soAHtie  pacxBopH  hojih- 

MexaKpHJiOBOH  KHCJiOTM  (HeHxpaJiHsOBaHHLix  NaOH)  BtiaMBaex 

HCHO  BHpaH^eHHOe  HSMenGHHe  GBOHC.TB  3THX  paCTBOpOB,  CBHaaH-  . 
Hoe  c HaMeneHneM  aapa^a  h (|)opMH  MaKpoMOJieKyji.  flpn  cooxBex- 
CTByion],ia:x  ycjiOBHBX  nojiHMep  ocaH^AaexcH  b bh^g  cojih  c A^yx- 
BaJIGHTHHM  KaXHOHOM.  B AOKJiaAG  npHBGAeHH.  AaHHHG  no  OCaJKAeHHK) 
nOJIHMGXaKpHJIOBOH  KHCJIOXH  KaXHOHaMH  Ba"^*^,  Ca''"’'  H Mg’^+. 

KpHxnnGCKaH  KOHn;GHxpau,HH  Ka>KAoro  AsyxBajiGHXHoro  KaxHO- 
Ha,  HGo6xoAHMafl  aJIH  ocaJKAGHHH,  onpGAejiHJiacB  KaK  (|)yHKii;Hfl 
KOHAGHXpaDIHH  HOJIHMGXaKpHJlOBOH  KHCJIOXM  HpH  paSHOH  CXGHGHH 
HGHxpaJIHSaAHH  H paSJIHHHOH  KOHB.GHXpaAHH  AoSaBJIGHHOXO  NaCl. 

HaHAGHO,  Hxo  npn  hocxohhhoh  aKXHBHOcxn  NaCl  h npn  AaHHoii 
CXenGHH  HGHxpaJIHaaOiHH  nOJIHMGpa  KpnXHHGCKaH  KOHAGHXpaHITB 
AsyxBajiGHXHoro  Hona  b xohkg  ocaJKAeHHH  hbjihgxch  jihhghhoh 
$yHKn;HGH  K0Hi];6Hxpaii;HH  nojiHMGpa  b jnnpoKOM  nnxGpBajiG  koh- 
AGHxpaAHH.  JIhhghhmm  xapaKxcp  aaBHCHMOCXH  mo>kgx  Sbixb  hhxgp- 
npGXHpOBaH  npH  AonyiAGHEcn,  hxo  xonna  oca>KAeHHH  AOCxnraGxcH 
xorAa,  KOXAa  kphxhhggkog  kojihhgcxbo  AByxBajiGHXHux  KaxHOHOs 

CBB3BIBaGXCH  C HOJIHMGpOM  H HXO  3Xa  KpHXHHGCKaH  CXGHGHfc  CBH- 
SBIBaHHH  HG  SaBHCHX  OX  KOHAGHXpaAHH  nOJIHMGpa. 

B 3XOM  cjiynaG  naKjiOH  npHMOH  jihhhh,  nojiynGHHon  npn  nane- 
CGHHH  anaHGHHH  KpnXHBiGCKHX  KOHI^GHXpaAHH  AByXBaJIGHXHHX  Ka* 
XHOHOB,  cooxB6xcxByK)ni,HX  KOHAGHxpauiHH  HOJiHMGpa,  Aaox  «cxe- 
HGHB  CBH3HBaHHH»,  B XO  spGMH  KaK  0xpG30K  OCH  a6cAHCC,  OXCGKaG’ 
MLIH  3XOH  npHMOH,  AaGX  KOHH,GHXpai];HIO  «CB060AHBIX»  — «HG- 
CBH3aHHHX»  — KaXHOHOB.  IIpH  CpaBHGHHH  3(j)$GKXa  AQ^aBKH 
paSJIHHHHX  KaXHOHOB  HaHAOHO,  HXO  OCa^KAOHEG  AOCXHraGXCH  npH 
OAHOH  H XOH  JK6  CXGHGHH  CBHaUBaHHH,  HGSaBHCHMO  OX  XapaK- 
xepa  AByxBaJiGHXHoro  Kaxnona. 
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HaHflCHO,  HTO  CTeneHb  CBHSbiBaHHH  flByXBaJieHTHoro  KaxHOiia 
B TO^Ke  OCa^KAOHHfl  HBJIHeTCfl  JIHHGHHOH  $yHKU.HeH  CTGneHH  HGHT- 
pajiHsau;™  nojiHMGpa  (g^khm  naxpoivi).  ycxanoBjiGHO,  ^xo  oca>Kfle- 

HH6  nOJIHMGXaKpnjIOBOH  KHCJIOTIiI  B npHCyXCTBHH  ;i,ByXBaJieHXHMX 

HOHOB  npojicxoflHx  nocjiG  xoro,  naK  ajiGKxpH^ccKHH  sapHA  nojin- 

MGpa  nOHH3HXCH,  3a  C^GX  CBH3HBaHHH  KaXHOHOB,  JJ,0  BGJIHHHHbl, 
MGHbBIGH  OnpGAGJIGHHOrO  MHHHMyMa;  8XOX  MHHHMyM  HG  SaBHCHX  OT 
CXGnGHH  H6HxpaJIB[3aB;0[H  GAKHM  HaxpOM. 

HaHAGHO,  HXO  AJIH  COXpaHGHHH  XOH  JKG  CaMOH  CXeHGHH  CBH3H- 
BaHHH,  npn  yBGJin^GHHH  KOHAGHXpaAHH  XJIOpHCXOrO  HaxpHH,  H6- 
o6xoAHMa  60JIGG  BHcoKaa  KOHAGHxpaia;HH  «cbo6oahhx»  AByxBajiGnx- 

HHX  KaXHOHOB. 

yCXanOBJIGHO,  OAnaKO,  HXO  B 3XHX  yCJlOBMHX  OCaJKAGHHG  HMGGX 
MGCXO  npH  HGCKOJIbKO  MGHLJUGH  CXGnGHH  CBH3HBaHHH.  3x0  npOHCXO- 
AHX  BCJIGACXBHG  oSHHHOrO  3$$GKxa  BHCaJIHBaHHfl,  CBHSaHHOrO 
C nOAaBJIGHHGM  BSaHMOAeilCXBHH  B ABOShOM  aJIGKxpHHGCKOM  CJIOG. 

ripGABapHXGJIbHHG  OHHXM  HO  9JIGKXpO(J)OpG3y  H Bfl3KOCXH  yKa- 
3aHHHX  CHCXGM  nOAXBGpH^AalOX  AOnymeHHG  xoro,  HXO  CBHSHBaHHG 
KaXHOHOB  npOHCXOAHX  C nOCJIGAyiOin,nM  aKBHBaJIGHXHtlM  yMGHIiBIG- 
HHGM  SapHAa  nOJIHMGpa  H CBepXtIBaHHGM  MaKpOMOJIGKyjILI.  IIo- 
axoMy  cxpyKxypa  ocbakob  cojigh  noJiHMGxaKpHJiOBOH  khcjioxw 
C AByXBaJIGHXHHMH  KaXHOHaMH  npGACXaBJIHGX  C060H,  nO-BHAHMOMy,. 
MaxpHAy,  cocxoHni,yH)  h3  cnnpajibHBix  MOJiGKyji  nojiHMGpa,  b ko- 
xopux  COAepJKHTCH  OnpGAOJIGHHOG  HHCJIO  HGOpraHHHGCKHX  HOHOB. 
3x0  HaXOAHXCH  B COOXBGXCXBHH  C aJIGKXpOHOrpaMMaMH,  KOXOpBIO 
AJIH  HOAOShUX  CHCXGM  HOJiyHHJI  KapFHH  c coxpyAHHKaMH. 


Resume 

L'indtroduction  des  cations  bivalents  dans  les  solutions  aqueu- 
ses  d’acide  poiymethacrylique  (neutralisee  par  NaOH)  cause 
un  changement  net  des  proprietes  de  ces  solutions  lie  au  change- 
ment  de  charge  et  de  forme  des  macromolecules.  Dans  les  condi- 
tions correspondantes  le  polymere  se  precipite  sous  forme 
dusel  a cation  bivalent.  On  cite  dans  le  rapport  les  donnees  sur  la 
precipitation  d'acide  poiymethacrylique  par  les  cations  Ba'^'^,. 
Ga++  et  Mg++. 

Une  concentration  critique  de  chaque  cation  bivalent  neces- 
saire  pour  la  precipitation  etait  determinee  comme  fonction 
de  concentration  d'acide  poiymethacrylique  a divers  derge  de 
neutralisation  et  a diverse  concentration  de  NaCl  ajoute. 

On  trouve  que  dans  le  cas  d'activite  constante  NaCl  et  de 
degre  de  neutralisation  du  polymere  la  concentration  critique- 
d’ion  bivalent  a point  de  precipitation  est  une  fonction  lineaire 
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de  concentration  de  polymere  dans  un  large  intervalle  des  con- 
centrations. Le  caractere  lineaire  de  de'pendaiice  peut-etre  inter- 
prete  a Tadmission  que  le  point  de  precipitation  est  obtenu  an 
moment,  ou  la  quantite  critique  de  cations  bivalents  est  liee 
avec  le  polymere  et  que  ce  degre  critique  de  liage  ne  depend  pas 
de  la  concentration  de  polymere. 

Dans  ce  cas  ^ 'inclinaison  de  ligne  droite  obtenue  par  suite 
de  relevement  des  valeurs  de  concentrations  critiques  des  cations 
bivalents  correspondant  a la  concentration  de  polymere  donne 
le  «derge  de  liage»  tandis  que  le  segment  de  l^axe  des  abscisses 
coupe  par  cette  droite  donne  la  concentration  des  cations  <dib- 
Tes»  on  «non-lies». 

En  comparant  Teffet  d ’addition  de  divers  cations  on  trouve 
que  la  precipitation  est  obtenue  au  memo  degre  de  liage  indepen- 
damment  de  la  nature  de  cation  bivalent. 

On  trouve  que  le  degre  de  liage  de  cation  bivalent  a point  de 
precipitation  est  une  fonction  lineaire  de  degre  de  neutralisation 
de  polymere  (par  le  soude  caustique).  On  constate  que  la  preci- 
pitation d’acide  polymetbacrylique  en  presence  des  ions  bivalents 
s’effectue  apres  une  diminution  de  charge  electrique  aux  depens 
de  liage  des  cations  jusqu’a  une  valeur  inferieure  a un  certain 
minimum;  ce  minimum  ne  depend  pas  de  degre  de  neutralisation 
par  la  soude  caustique. 

On  trouve  que  pour  maintenir  le  meme  degre  de  liage  pendant 
1 ’accroissement  de  concentration  de  chlorure  de  sodium  une  con- 
centration plus  haute  des  cations  bivalents  <dibres»  est  necessaire. 

Or,  on  a etabli  que  dans  ces  conditions  la  precipitation  s’ef- 
fectuait  a un  degre  de  liage  quelque  peu  plus  bas.  Ce  fait  a lieu 
a cause  de  Teffet  ordinaire,  addition  de  sel,  lie  avec  la  suppres- 
sion de  Tinteraction  dans  une  double  couche  electrique. 

Des  essais  preliminaires  sel  on  T electro  phorese  et  la  viscosite 
des  systemes  indiques  confirment  1 ’admission  de  ce  que  la  reali- 
sation du  liage  des  cations  est  suivie  par  une  diminution  equiva- 
lente  de  charge  de  polymere  et  d’une  coagulation  de  macromolecule. 
Aussi  la  structure  des  residus  des  sels  polymethacryliques  a 
cations  bivalents  presenterait-elle  une  matrice  composee  des 
molecules  spirales  du  polymere  dans  lesquelles  est  contenu  un 
certain  nombre  d’ions  inorganiques.  Ce  fait  est  en  conformite 
des  electronogrammes  obtenues  pour  des  systemes  pareils  par 
Carguine  et  ses  coll  ab ora teurs. 
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K Bonpocy  0 bjihahkh  CTpyKTypbi  mohhtob 
-HA  nPOI^ECCBI  HOHOOBMEHA  MEHJfly  HOHMTAMH 
H PACTBOPAMH  3JIEKTPOJIHTOB 

K*  31.  C a Ad  ad  3 e 

(CCCP) 


llpn  HayneHHH  npou;eccoB  MOHOoSMeHa  uemjjj  TBep;^OH  u 
(|)a3aMH  Bcerfl;a  SojiLine  BHEMaimH  y^ejiHeTCH  CBoncTBaM  pacT* 

BOpa  H HX  BJIHHHHH)  Ha  3TH  npOH;eCCH  H BO  MHOrHX  CJiynaHX  He  AO- 
OJJ.eHHBaeTCH  BJIHHHHe  CTpyKTypLI  H CBOHCTB  H0H006MeHHBIX  HOJIH- 
MepoB  Ha  npou.ecc  HOHOoSMeHa. 

HaniHMH  pa6oTaMH  [1,  2]  j^oKasano,  hto  o6MeH  hohob  b aasH- 

CHMOCTH  OT  pasSaBJieHHH  HCXO^HHX  paCTBOpOB  nOflHHHHGTCH  o6- 
meH  saKOHOMepiiocTH  KaK  npH  npHMeneHHH  MOHO(j)yHKu;HOHajiBHLix 
‘ CHJIBHOKHCJIOTHHX  KaTHOHHTOB,  TaK  H CHJILHOOCHOBHWX  aHHOHHTOB, 
HOJiyHeHHHx  Ha  ochobg  coHOjiHMepa  CTHpojia  h flHBHHHjiGensojia 
HeaaBHCHMO  ot  KOHn;eHTpau;HH  J],BB.  TaKHM  o6pa30M,  ctg- 
neHB  HorjiomeHHH  paBHOBaJienxiiHX  hohob  ot  pa36aBJieHHH  hc 
-MeHHeTCH,  a norjioni,eHHe  hohob  Sojitmen  BajieHTHOCTH  c pa36aB- 
JieHHGM  paCTBOpOB  HJIH  C yMeHtmeHEGM  COJ^ep>KaHHH  fl,BB  B HOHHTG 
yBGJiHHHBaGTCH.  XapaKTGp  norjiomeHHfl  paBHOBajieHTHtix  h pasHO- 
.BaJIGHTHHX  HOHOB  HG  HSMGHHGTCH  HpH  HBMGHGHHH  KOHU;eHTpaH.HH 

J3,BB  OT  2 fl;o  16  % npn  hoctohhhoh  KOHii;eHTpaij;HH  hohob  b pacTBOpo. 
BbiJIO  HaH/^GHO,  HTO: 

a)  KOHn;eHTpau;HH  ABB  onpe^ejiHGT  KHHeTHHGCKne  CBOHCTBa 
HOHHTOB,  HrpaK)in,HG  SojiBHiyH)  pojiB  B ,npon,eccG  HOHOo6MeHa; 
6)  KOJIHHGCTBOM  HOnepGHHBIX  CBHSGH  H HX  XHMHHGCKHMH  CBOHCTBa- 
MH  Onpe^GJIHGTCH  CTGHGHB  Ha6yXaeMOCTH  HOHHTa,  OT  KOTOpOH  3a- 
BHCHT  HBMGHeHHG  HOHHOH  CHJIBI  CMOJIH,  CTGnGHB  rHfl;paTHpOBaHHO- 

CTH  aKTHBHBTX  rpyHH  H norjioin,eimBix  hohob;  b)  ho  Mcpe  yBCJinne- 
HHH  HHCJia  HOnepGHHHX  CBHSeil  yBGJIHHHBaGTCH  XHMHHGCKaH  CTOM- 
KOCTB  HOHHTa. 

9tO  HO/^TBGpJK^aGTCH  TGM,  HTO  CyJIB^HpOBaHHBIH  COHOJIHMGp 
'CTHpOJia  B ABB  (KaTHOHHT  Ky-2) , COAGp>KaHJ,HH  6,8  H 12%  abb, 
.npn  KOHTaKTG  C XpOMOBOH  KHCJIOTOH  (KOHH^GHTpaHRH  200  s/yi) 
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noABepraeTCH  ananHiejiBHOMy  okhcjighhio  h no  Mepe  ysejiHHeHHH? 
BpeMenn  KoniaKTa  Ky-2  c khcjiotoh  snansTejibHO  paayniaeTCH  Kapnac 
nojiHMepa  h peano  yMOHLinaeTCH  ero  norjiOTHTejibnaH  cnoco6HOCTb- 
C yBejinnenneM  coji;ep>KaHHH  ao  20 — 24%  b btom  H<e  nojiHMe- 

pe  (Ky-2-24)  CTOHKOCTb  KaTHOHHTa  K fleHCTBHH)  XpOMOBOii  KHCJIOTW’ 
yBejiHHHBaexcH  n on  BBiAepjKHBaeT  j^JinxejiBHBin  KonxaKx  c pacxBO- 
pOM  XpOMOBOH  KHCJIOXH  KOHI],eHXpai^HH  250—350  ejjl, 

Ha  npoii,ecc  HonooSMena  BJinnex  ne  xojibko  nncjio  nonepennBix 
cBHsen,  HO  H KOJinnecTBO  h pacnojiOKenne  aKxHBHBix  rpynn 
HOHHxe.  BBiHcnennH  oxoro  Bonpoca  6hjih  HsynenH  oSmohh  paa- 
HOBajienxHHX  n paBHOBajienxHHX  annonoB b cncxeMax  RH  — NaCl^ 

RH  — CaCls  h RNa  — CaCh  npn  npHiMenennH  Ky-2,  coAepn^a- 
ni;eH  12%  ABB;  coAepH^anne  SOgH-rpynn  b o6pa3Aax  cmojih  Qujio 
paaJiHHHHM.  Ohbixbi  npoBOAHJiH  B cxaxnnecKHX  ycJiOBHHx;  ajib^ 
onBixoB  6pajiH  50  mm  pacxBOpa  c iiocxohhhoh  hohhoh  chjiob 
(0,075).  B KaH^AOH  paBHOBecHOH  tohkg  onpeAOJiHJin  KOjinnecxBO 
o6MeHnBaK)EAHXcH  noHOB,  a xana^e  Ha6yxaeMOcxB  KaxHonnxa. 
PeayjiBxaxBi  o6pa6axi>rBajiH  no  ypaBHennio  naoxepMBi 


*2 


= K 


■^1777’ 


npoBepennoMy  naMn  panee  [3], 

TAG  gi  h g2 — KOJinnecTBO  norjioiAOHHBix  hohob  b KaxnoHHxe;. 
Cl  R C2  — KOJinnecTBO  o6MeHnBaH)n3;HXCH  hohob  b pacxBope;. 
zi  H Z2  — BaJienxHOCXB  hohob;  K — KOHcxanxa  paBHOBecnn.  Ho- 
jiyneHHHe  AannHO  npnBOAeHH  b xa6jiHAe. 

BjiHHHHe  KOJiHnecxBa  cyjiBiJ)orpynn  b Ky-2,  coAep>Kan;ee  12%- 
ABB,  Ha  ero  Ha6yxaeMOcxB  h na  KOHCxanxH  paBiiOBecHH. 


06MeHHafl  cMKOCTb 
HaTHOHMTa, 

M8’9Ke/e  cyxoil 
CMOJIW 

HaOyxaeMOCTb  cyxoro  Ky-2 
(Z/MJI)  B cHcxeMax 

KOHCTailTa  paBHOBCCHH  (X) 

B CHCTCMaX 

RH-Na+ 

RH-Ca*+ 

RNa-Ca*+ 

RH-Na+ 

RH-Ca*+ 

' RNa+Ca*^- 

1,025 

1,276 

1,18 

1,18 

1.0 

1,04 

9,3 

2,195 

1,427 

1,25 

1,23 

1,10 

13,7 

8,8 

4,91 

1,789 

1,68 

1,54 

1,34 

20,7 

12,3 

5,04 

1,741 

1,75 

1,51 

1,41 

22,6 

11, D' 

5,09 

1,813 

1,63 

1,58 

1,53 

19,9 

11, X 

Ha  xa6jiHAU  bhaho,  hto  no  Mepe  yBejiHneHHH  KOJiHnecxBa  aKXHB- 
HBix  rpynn  bo  Bcex  cncxeMax  yBeJinnnBaexcK  yAejiBHan  Ha6yxae- 
MOCXB  HOHHXa  B paBHOBGCHBIX  XOHKaX,  HeCMOXpfl  Ha  HOCXOflHHOe  co-~ 
Aep>KaHHeBKaxHOHHxeBenj;ecxBa,  o6pa3yioni,ero  nonepenHHe  cnnaH^ 
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CjieflOBaTejitHO,  HSMenenHe  yflejitHoro  o6T>eMa  noHHTa  hjih  me 
MOJiHpHOH  KOHii;eHTpaiiiHH  norjiom,eHHHX  hohob  aaBHCHx  ne  tojibko 
•OT  KOJiH^ecTBa  nonepe^Hux  CBnaea,  ho  h ot  KOJinnecTBa  aKTHBHMx 
rpynn.  G APyroH  cxopoHU,  h3  npHBOAeHHHX  ;:^aHHHx  bhaiho,  hto 
KOHCxaHTa  paBHOBecHH  npH  oSMene  paBHOBaJieHTHHX  KaxnOHOB 
Na^  iia  yBejiHHHBaexcH  no  Mepe  yBejiHneHHH  nncjia  aKXHBHLix 
<jyjib(|)orpynn,  a npH  o6MeHe  Ca^"^  na  Na**"  yBejinneime  otoh  koh- 
•cxaHXBi  HosHaHHxejiBHO,  HecMOxpH  Ha  xo,  HTO  y^ejiBHBiH  o6x>eM  Ka- 
THOHHxa  xaKJKe  yBGJiHHHBaexcH.  9xh  (|)aKXH  noKasHBaiox,  hxo  ana- 
MHxejiBHoe  yBejiHHeHHG  KOjinnGCXBa  aKXHBHHX  rpynn  hg  OKasHBaGx 
•CHJIbHOrO  BJIHHHHa  Ha  npOl^GCC  oSMGHa  HOHOB,  eCJIH  Ha6yXaGMOCTL 
HOHHXa  B CHCXGMG  yBGJIHHHBaCTCH  HGSHaHHTGJIBHO,  HpHHGM  yBGJIH- 
«ieHHG  KOJIHHGCXBa  aKXHBHHX  XpyHH  B HOHHXG  HXpaGX  HpOXHBOHO- 
JIOH^HyK)  pOJIB. 

ConOCTaBJIGHHG  BGJIHHHH  KOHCXaHX  paBHOBGCHH  HpH  oGmGHG 
« cHcxGMax  RNa  — Ca^*^  h RH  — Ca^"'"  noKasHBaox,  hxo  b hhxgp- 
•eajie  oSmghhoh  gmkocth  hohhxb  ox  2,195  5,09^i3-aKe/3  ohh  hoh- 

TH  B flBa  paaa  Sojibjhg,  hgm  npn  oSmghg  Ca^^  na  Na"^.  Ha  axHX 

J^aHHHX  CJIGAyGX,  HXO  CGJIGKXHBHOCXB  HOrJlOHl^GHHH  O^HOrO  H XOrO  H<6 
eoHHxa  aaBHCHx  hg  xojibko  ox  KOJiHHGCXBa  aKXHBHHX  rpynn  h ox 
KOJIHHGCXBa  HOHGpGHHHX  CBHaGH,  HO  H OX  CBOHCXB  06MGHHBaK)m;HXCH 
HOHOB,  TaKHM  06pa30M,  CGJIGKXHBHOCXB  oSMGHa  HOHOB  aaBHCHX 
OT  CBOHCXB  oSMGHHBaiOmHXCH  HOHOB  H OX  HX  CpOflCXBa  C aKXHBHHMH 
TpynnaMH,  h5o  3xhmh  ^aKxopaMH  ohpg^gjihgtch  hg  xojibko  cbm 
npOq,GCC  HOHOOSMGHa,  ho  H XG  BXOpHHHHG  npOH;GCCH,  KOXOpHG 
«o  MHorHX  cjiynaHX  ycjio>KHHiOT  h aaxGMHHiox  npon;6Cc  hohooS- 
MGHa. 

fl^oKaaaHO  [4],hxo  annoHHXH,  co/^Gp>Kaiii,HG  xpgxhhhhg  aMHHO- 
-rpyHHH,  o6jiajiiaK)T  chocoShocxbio  b cjia6oKHCJiOH  cpGfle  norjiomaxB 
KaXHOHH  XHJKGJIHX  MGXaJIJIOB  H JKGJIGaa  C oSpaaOBaHHGM  KOMHJIGKC- 
«HX  cogahhghhh  xHna  [(R3N)2Mg(H20)2]X2,  CjiGAyGx  yKaaaxB,  hxo 
«e  BCHKHG  aHHOHHXH,  COflGpH^amHG  XpGXHHHHG  aMHHOrpyHHH 


— N — GH2-GH2-NH  -CH2-GH2  — N 


GH2  OH 


GHa  OH 


GH2 


GHa 


— N — GH2  - GHa  - NH  - GHg  - GHa  - N — 


o^HHaKOBO  HorjiomiaiOT  KaxHOHH.  Ahhohhx  AH-20,  coflep^Kamnii 
BTopHHHHG  H xpGXHHHHG  aMHHOrpyHHH,  norjiom;aGx  Cu^'*' H3  0,05  A 
pacTBopa  CUSO4  B KHCJIOH  cpGfle  (0,05A)  Bcero  0,G9  Ms-dKe/e,  a 
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9/1,3-lOn,  coflep>Kaiu,aH  .BTopnHHbie,  xpexHnHbie  h TiexBepxnTiHM& 
aMHHorpynnH  h HMeromaa  cxpoeHHe 

1+  ■ 

_ CII2  _ N - CHa  - CH  (OH)  CH2N  - (CH^jNHlCHa)^  - 

I 1 

CH2 

I . ' ' . 

— N — CH2CH(OH)CHa  — N — OH2 — 

I I 

CH2  CH2 


B 3XHX  jKe  ycjiOBHHX  norjtoipaex  1,3  MZ-SKefa-.  Ahhohhx  AB-i(}„ 
3JieMeHxapHoe  sBeno  Koxoporo  HMeex  cxpoenne 

_ CHj  - N — (CH2)2  - N — CH2CH  (OID'CHa  - N - (CH2)2  - N.- Cl  L 

* ' * CH2  ■ 

I 

ch(Oh:  . 

I * 

CHi. 

I 

NH 


coBepineHHO  He  cop6HpyeT  b xex  >Ke  ycjiOBHHX  Cu^'*',  hgcmotph  iia  xo^ 
Hxo  OH  coji;ep>KHx  xpexH^iHLie  aMHHorpynnH.  9xh  oiibitbi  noKasHBarox, 
Hxo  ox  pacnojiojKeHHfl  aKXHBHLix  rpynn  h bjihhhhh  paaHOHMCHHHx: 
aKXHBHHX  rpynn  uemjij  co6oh  b napKace  nojinnepa  saBHcnx  khk 
xapaKxep  norjioni;eHHfl  hohob,  xaK  n ocymecxBJienne  HOHOo6MeHa' 
H BxopHHHbix  npon^eccoB  Me>K;i;y  xBepAon  h h^h^koh  {J)a3aMH. 

BaaHMOCBnab  Me>Kji;y  cxpyKxypoii  n CBoncxBaMH  oSMenHsaio- 
ni.HXCH  HOHOB  H BJIHHHHe  paSHOHMeHHHX  aKXHBHMX  rpyHH  XaiOKG 

BH^HO  [5]  H3  peayjibxaxoB,  nojiyMeHHHX  npH  norjiomeHHH  S04^" 
hC1“^h3  CMeceii  pacxBopoB  Na2S04  h NaCl  paaJinnHHX  koh- 

peHxpai^HH  (0,1  — 3A^)  annoHExoM  AB-17,  HMeK)ni;HM  ajieneHxap- 

nyio  HHCHKy 


r — GH2-CH2 


CH2 


I 


N 

/ \ 

-CH3  CH 


CIH 


— CH  — CH2  — 

I 

Cv 

— CH  — CH2  — 


n 
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a TaKjKe  3^0-1011  h AB-16;  b npoi^ecce  HOHOoSMena  npaHUMaJiii 
ynacTHe  tojibko  aKTHBHLie  rpynnbi  HeTBepxHHHoro  aMonneBoro 
OCHOBaHHH. 

Ha  pncyHKa  bh^ho,  hto  norjioni,eHHe  SO^  h Cl'  OH-aHHOHHxa- 
MH,  sHaHHxejiBHO  paaJimaiomHMHCH  no  CBoeMy  cxpoennio  n co^^ep- 
/KaHHio  aKXHBHbix  xpynn,  npoxoKaex  no-paaiiOMy.  Ahhohhx  AB-17 


I lorjroiu,eiiiie  SO|  ii  Cl“  amiouHTaMn 

a — ano-ion,  6 — AB-16,  e ~~  AB-17.  l—  CI~,  2 — So2“ 

4 

B oSjiacTH  KOH^eHTpa^HH  OT  0,1  flo  0,5  N norjion];aeT  1,78  Me-aKejji 
SO4  , a Cl'  TOJibKO  0,61  Mz/dKejji.  Xlpn  KonpeHTpapHH  pacTBopoo 
OT  0,5  flo  2 iV  norjiojuaexcH  Cl'6ojii.ine,HeMSO|-,  a npa  Konpeux- 
papHH  Bunie  2N  norjiorpeHHe  Cl  “ necKOJibKO  na^aeT  h Heana^HTejib- 
Ho  noBHinaeTCH  copSpna  SO|". 

Ilpn  KOHpeHTpaD;HH  pacTBOpoB  ox  0,1  flO  0,5  SOf"  copSapyoT- 
cfl  Ha  3,11,3-10  Gojibine,  neMCl",  anpHKOHpeHTpai^HflxoT0,5flo4yV 
HorjiomaeTCfl HecKOJiBKo  Sojibine  Cl”  hbm  SO*”.  Ha  pncynKa  TaKwe 
BHflHO,  HTO  HOrjIOH^eHHe  HOHOB  Cl”  H SO4”  aHHOHHXaMH  AB-17 
H AB-16  B OXflenbHHX  XOHKaX  paBHOo6M0HHOH  eMKOCTH  aXHX  aHHO- 
HHTOB  no  aKTHBHbiM  rpynnaM  neTBepxHHxrbix  aMOHiiihibix  ociio- 
namiH. 


■Ill 
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PasJiHHHoe  TeneHHe  npoi;ecca  norjiomenHH  S04'  hCI"  h3  pac- 
TBopoB  Na2S04  H NaCl  mojkot  6hti.  o6T.flCHeHO.:  1)  BJiHflHHeM  aK- 
thbhhx  rpynn,  He  npHHHMaiomHX  ynacTHH  b npopecce  HOHOo6Me- 
Ha,  HO  Bxoflflmnx  b CTpyKTypy  hohetb  (AB-16,  9^1,3-1011),  2)  hhc- 

JIOM  HOnepeHHKX  CBaaea  H 6jIH30CTbK)  pa3HOHMeHHHX  aKTHBHIIX 

rpynn  flpyr  k APyry  b cxpyKType  noHHTa  n hx  BsanMOAencTEneM; 

3)  CBOHCTBaMHpaCTBOpOB,  KOTOpue  B BHaHHTejIbHOH  MOpe  BJIHHIOT 

Ha  npoAecc  nepepacnpeACJieHHH  hohob,  ho  He  bjihhiot  na  o6myK) 
o6MeHHyK)  eMKOCTb  HOHHTa. 

Ha  OCHOBaHHH  3T0X  HCCJieAOBaHHH  MO®HO  CAOJiaTb  BHBOA, 
HTO  xenenne  noHOoSMeHHHX  npopeccoB  onpeAeJinexca  pacnoaoate- 
HHeM  aKXHBHHX  rpynn,  cxeneHtro  nx  AnccopHaAnn,  xnMHaecKHMH 
CBOHCXBaMH  Beni;ecxBa,  oSpasyroiAero  nonepeaHHe  cBaan,  h XHMnae- 
CKHM  cpoAcxBOM  o6MeHHBaiomHXCH  HOHOB  K aKXHBHHM  rpynnaM; 
Heo6xoAHMO  yaHXHBaxb  xaKHie  h APyrne  cxpyKxypHHe  (J)aKTOpH. 
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Summary 

The  effect  of  the  number  of  cross  links  in  polymers  on  the 
ion  exchange  process  has  been  investigated,  assuming  the  exchan- 
ger to  be  a polyelectrolyte.  Increase  in  the  number  of  cross  links 
(divinylbenzene  (DVB)  content  from  2 to  16%)  has  been  found  to 
cause  no  change  in  the  character  of  the  adsorption  both  in  homo- 
valent  as  well  as  hetero-valent  exchange.  The  processes  obey  the 
law  of  mass  action  regardless  of  whether  contact  is  made  between 
a polymer  with  varying  DVB  content  and  solutions  of  Constant 
concentration  or  between  one  with  constant  DVB  content  and 
variously  diluted  solutions.  With  change  in  the  crosslinking 
agent  content  of  the  polymer  the  selectivity  of  ionic  adsoprtion, 
determined  by  the  property  and  size  of  the  exchanging  ions,  va- 
ries. Changes  in  the  number  and  arrangement  of  active  groups  in 
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the  polymer  network  have  different  effects  on  the  ion  exchano-c 
processes;  namely.  ^ 

a)  increase  in  the  amount  of  active  groups  without  marked 
changes  in  the  swelling  properties  of  the  resin  has  no  noticeable 
effect  on  the  ion  exchange  processes,  but  as  the  concentration  of 
active  groups  is  increased  with  simultaneous  increase  in  the 
specific  volume  pf  the  resin  considerable  change  in  the  selectivity 
of  the  ions  being  adsorbed  takes  place  during  the  ion  exchange 
process;  * 


b)  with  varying  arrangement  of  the  same  active  groups  in 
the  network  of  the  ion  exchanger,  if  different  cross  agents  are 
used  in  its  synthesis,  its  properties  change,  depending  upon  the 
medium  in  which  the  exchange  is  taking  place. 

For  example,  the  exchanger  EDE-IOP  synthesized  on  the 
basis  of  polyethylenepolyamine  and  epichlorohydrin  may  be 
considered’ to  have  practically  only  secondary  and  tertiary  amine 
groups  if  one  neglects  a small  amount  of  active  groups  of  the  quater- 
nary ammonium  bases.  This  exchanger  adsorbs  the  anions  of 
acids  (H2SO4  arid  HGl)  in  acid  medium  and  possesses  a total 
exchange  capacity  of  10.5  mg.  eq./g.  From  a neutral  medium  (0  IN 
soluHon  NaCl)  it  adsorbs  about  0.95  mg.  eq./g  Cl'.  On  contact  of 
the  OH  form  of  the  resin  with  O.IN  CUSO4  and  0.02N  H.SOa  it 
adsorbs  6.08  mg.  eq./g  SO4"  and  5.75  mg.  eq./g  011^+  and  on  con- 
tact with  O.IN  ZnCH,  6.2mg.  eq./g.  Cl'  and  5.92  mg.  eq./g.  Zn^+. 

Under  the  same  conditions  the  exchanger  AN-2F  synthesized 
from  phenol,  polyethylenepolyamines  and  formaldehyde  and  con- 
tainingactive  = Nand  = NH  groups  practically  adsorbs  no  copper. 

bh<3  Jqj.  CuS04  adsorption  by  the  anion  exchanger 

EJJE-lOp  is  not  due  to  simple  molecular  sorption  taking  place 
with  various  exchangers  on  contact  with  acid  and  salt  solutions. 
In  this  case,  as  has  been  demonstrated,  complex  compounds  such 
as/^2NH)2Me(H20)2/X2  aud/(R3N)2Me(H20)2/X2  are  formed. 

buch  complexes  are  not  formed  by  other  anion  exchangers  con- 
laining  secondary  and  tertiary  amino  groups. 


Resume 

On  a etudie  1 ’influence  des  quantites  des  liaisoiis  transversales 
dans  les  polymeres  sur  le  processus  d’echange  d’ions  en  admettant 
que  Techangeur  d’ions  est  un  poly  electrolyte. 

^ On  a etabli  que  le  caractere  d ’adsorption  a I’ecliange  d’ions 
equivalents  ainsi  qu’a  I’echange  d’ions  a valences  differentes 
restait  sans  changement  a cause  de  I’augmentation  de  quantite 
des  liaisons  transversales  (la  teneur  en  divinylbenzene  (DVB)  de 
2 a 16%)  dans  I’echangeur  d’ions- 

8 Sanaa  414 
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Ces  processus  soiit  soumis  a la  «loi  de  des  uaasses  agissarites»‘ 
iudependamment  de  ce,  si  le  contact  du  polymere  (a  teneur  dif- 
firente  en  DVB)  a lieu  avec  des  solutions  a concentration  constan- 
te  ou  de  I’ionite  (a  teneur  constante  en  DVB)  avec  des  solutions 
differemment  diluees. 

Au  fur  et  a mesure  de  cbangement  de  la  teneur  en  cross-agent 
de  la  composition  d ’ionite  on  observe  le  cbangement  de  la  sele- 
ctivite  d’adsorption  d’ions  due  aux  proprietes  et  dimensions 
d’ions  ecbangeants. 

Le  cbangement  du  nombre  et  de  la  dispositions  des  groupes 
actifs  dans  la  carcasse  du  polymere  influe  d’une  maniere  differen- 
te  .sur  le  processus  d’ecbange  d’ions: 

a)  L’augmentation  du  nombre  des  groupes  actifs  dans  la  com- 
position d ’ionite  sans  cbangement  sensible  de  son  gonflemeiit 
n’exerce  pas  1 ’influence  considerable  sur  les  processus  d’ecbange 
d’ions.  Si  I’augmentation  de  concentration  des  groupes  actifs, 
est  suivie  par  I’augmentation  du  voluitie  sp4cifique  de  la  resine, 
la  selectivite  d’ions  adsorbes  est  fortement  cbangee  durant  le 
processus  d’ecbange  d’ions. 

b)  Dans  le  cas  de  disposition  des  groupes,  actifs  de  meme 

nom  en  carcasse  d ’ionite  ses  proprietes  cbangent  selon  le  milieu 
au  processus  d’^cbange  d’ions,  si  I’on  emploie  divers  cross-agents 
pour  obtenir  le  polymere.  Par  example,  I’anionite  obtenu  a base 
de  polyetbylenepolyamine  et  epicblorbydrine  contient  essentielle- 
ment  les  groupes  amines  secondaires  et  tertiaires  (si  negliger 
un  certain  nombre  des  groupes  actifs  des  bases  d’ammonium  qua- 
ternaires).  ^ 

Get  ecbangeur  d’ions  adsorbs  du  milieu  acide  les  anions  d aci- 
des  (H2SO4  ou  HCl);  sa  capacite  complete  d’^cbange  est  de  10,5  mg 
equiv/g. 

II  adsorbs  du  milieu  neutre  (a  partir  de  NaCl  N/10)  environ 
0,95  mg  equiv/g  Cl'.  Au  moment  du  contact  d’OH-forme  de  cet 
anionite  avec  de  CUSO4  N/10  et  H2SO4  0,02  N il  adsorbs  6,08  mg 
equiv./g  SO4  et  5,75  mg  equiv./g  de  Cu^'*'  et  durant  le  contact  de 
ZnCh  N/IO  il  adsorbs  6,2  mg  equiv/g  Cl'et  5,92  mg  equiv/g  de  Zn^-". 

L’anionite  AN— 2F  obtenu  a partir  de  phenol,  polyethylene- 
polyamines  et  aldehyde  formique,  et  ayant  les  groupes  actifs 
=N;  =NH  aux  m ernes  conditions  pratiquement  n’ adsorb e pas  Cu. 

L’adsorptivit6.  d’anionite  EDE  = lOP  relative  a CUSO4  est 
conditionnee  non  par  simple  sorption  moleculaire  qui  a lieu  sur 
divers  ionites  pendant  le  contact  des  solutions,  acides  et  sels. 

Ici  comme  on  prouve  par  suite  de  reaction  chimique  se  forme 
■ un  compose  complexe  du  type: 

I(R2NH)2Me(H20)2lX2  et  [(RsNLMeCHjOial  Xa 

D’autres  anionite  qui  conlieunent  les  groupes  amines  secoii- 
daires  et  tertiaires  ne  formcnt  pas  de  complexes  pareils. 
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riOJiyHEHHE  M CBOflCTBA 
HEKOTOPblX  APOMATHHECKHX  nOJlHMEPOB 

A.  A*  B e p B,  H.  Jluozonhuxiu^  B.  JI.  IJ  a pun  u 

(CGCP) 


3a  nocjieAHiie  10  JieT  na^aji  npoABjiaTbOi  iiiiTepec  k jiHHeiiHHM 
nojiH4)eHHJieHa]M.  Ox  xaKHx  coeAHneHHH,  oSjia^aiomHX  nenpepHB- 
HOH  ri,eni>io  conpajKeHHH,  mojkho  6hjio  6bi  o>KHflaTb  BueoKOu 
TenjiocToiiKOCTH,  a TaK>Ke  noBBimenHoii  npoBO^HMOCTH  [1—3]. 

Ony6jiHKOBaHHe  Jiiimb  HeSojibnioro  anc.xa  pa6oT,  nocBamen- 
HLIX  JIHHGHHHM  nOJIH(J)eHHJieHaM,  MOJKHO  o6T>HCHHTb  Tpy^HOCTHMH 

iix  HccjieAOBaHHH.  fljiH  nojiyHeHiiH  nojiM(j)eHiiJieHOB  h hx  npoH3- 
BOAHLix  6hjih  HcnojibsoBaHbi  peaKi^HH  Biopii^a  — OaxTHra  .[4,  5] 
H yjibMaHa  [6 — 8],  a xaKJKe  ciinxea  rpimbapa  [9].  IlepeHHCJieHHHe 
MexoABi  Majio  npiiMeiiHMH  ajih  pasBHXnH  ciiiixeBa  BaMemeHHHx 
nojiH^OHHJieHOB,  coAep>Kain,Hx  paajiHHHBie  ^yHKAiiOHaJiBHBie  rpyn- 
iiBi.  Mh  noHBixajiHCb  iicnojibsoBaxb  ajih  btoh  i^ojih  peaKn;Hio  paa- 
jiomenim  6iiCAHa30HHeB  cojihmh  OAHOBaJienxHOii  moah  [10],  noKa- 
aanHyio  na  cxomo. 


' HNOj 


8*  * m 
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Hajiii^iie  napH^y  c hhcto  yrJieBOAopoAHtiMii  paAiiKaJiaMH  Ana- 
3opaAHKaJioB  npHBOAHT  K HacTHTOOMy  BKJironeHHK)  aaorpynn  b 
nojiHAiepHyio  ii;6nij.  MarKiiG  yejiOBHH  peaKu,HH  (xeMnopaxypa  hg 
BtiraG  10^)  AOJI>KHH  CBGCXH  K MHHHMyMy  paSBGXBJIGHHH  AGHH,  OX- 
MG^GHHbiG  npit  nojiy^GHHH  nojiH(J)6HHJiGHOB  HO  pGaKAHKM  yjibMana 
H,  oco6ghho,  Bioppa  — OnxxHra.  9xh  me  MHrKiiG  ycjiOBHff  no3- 

BOJIHIOT  COXpaHHXb  B HGnpHKOCHOBGHHOCXH  nOHXM  JIK)6lIG  (J)yilK- 
AnOHaJibHbiG  rpynnbi,  npncyxcxByiorAHG  b ricxoAHbix  BGipGCXBax 
H liojiyMHXb  pHA  npon3BOAHbix  jiHHGHHbix  apoMaxiiB;GCKHX  nojiri^ 
MGpOB. 

' IlojiiiMGpbi  .yKasaHHoro  XHna  6hjih  nojiy^enbi  naiviH  npGJKAe 
BCGrO  II3  6Gri3HAHHa  (nOJIIlMGpbl  I)  H 6GH3HAHHAHKap60H0B0H-3,3 
KHCJioTbi  (nojiHMcpbi  II). pa3Jio>KGHHH  6HCAHa30HHGB  yncxpcS- 
JIHJIH  3KBHBaJIGHXHOG  KOJIHHGCXBO  Cu"**  B aMMHaHHOM  paCXBOpG. 

iicnpo6oBaH  paajiOTHbifi  nopHAOK  cuemefimn  pGarHpyiom,iix 
bgiagctb;  npii6aBJiflJiH  kbk  pacxBop  mgah.k  AnaaopacTBopy,  xaK 
II  AHasopacxBop  k pacxBOpy  mgah.  IIoJiyHGHHbie  npoAyKXbi  npGA** 
cxaBJifljiii  C06011  nopomKH  abgxom  ox  opanjKGBoro  ao  KopnHHGBoro, 

paCTBOpiIMblG  B H2SO4  C CHH6-JIHJI0B0H  OKpaCKOH  paCXBOpOB  II 
nJIOXO  paCXBOpHMblG  B OpraHHHGCKHX  paCXBOpHXGJIBX,  Ka>KABTH 
nojiHMGp  6biJi  pasAGJiGH  Ha  2 (J)paKAHH:  I — Ha  $paKii;Hii  pacxBopii- 
Myio  II  HGpacxBopHMyio  b 6gh30jig,  II  — Ha  $paKii;HH  pacxBOpiiMyio 
H HGpaCXBOpHMyiO  B aH;GXOHG. 

PG3yjibxaxbi  3JiGMGHxapHOro  anajiHsa  nGKOxoptix  h3  noJiyncH- 
Hbix  HpOAyKXOB,  npHBGAOHHblG  B XafijI.  1,  nOKaSHBaiOT,  HXO  HH  B OA" 
HOM  cjiynaG  H6  6biJio  AOCXHrnyxo  noJiHoro  yAaJiGHHH  asoxa  h hxo 
COCXaB  HpOAyKTpB  MOJKGX  6bIXb  HpGACXaBJIGH  ^OpMyJIOH 


T a 6 JT  H a a J 


OjieMeHTapHbiii  cocxaB  nojiHMepOB  I h II 


Hojih- 

MCp 

R 

HopaHOH 

CMemeHHH 

CocTae,  % 

C 

H 

N 1 

Cl 

2 

0 

I 

- H 

J^iiaao  ^ Cu+  . . 

80,40 

4,35  ' 

7,63 

4,15' 

96,53 

Cu+-5^ABa30  . . 

76,53 

4,21 

.4,76 

13,58 

99,08 

II 

C02H 

flnaso  ^ Gu+  . . 

65,85 

3,28  * 

2,06 

3,54 

74,85 

25,15 

Alia 30  . . 

60,40 

3,97 

1,88 

10,71 

76,96 

23,04 

1.16  ’ 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


BjiMHHue  Kap6oKCHJia,  naxoAHmerocn  b opTo-nojioH<eHini  k ju^a^r 
rpynne,  npiiBOj^HT  k ana^HTeJiBHO  6ojiee  iiojiHOMy  yflajiGmiio  aaoia, 
^TO  COOTBeTCTByeT  HMeiOmHMCfl  JiHTepaTypHLIM  flaUHLIM.  ' 

Xjiop,  no-BHAHMOMy,  o6pa3yeT  KOHAeBMe  rpynnbi.  9to  hoa- 
TBepH^AaeTCH  peayjiBTaTaMH  anaJiiisa  paajiHHHUX  $paKi^iiH  itojih- 
MepoB:  4^paKn;HH,  nepacTBopiiMBie  b SeHSOJie  h aABTone,  o6jiaAaK)~ 
miie  SojibmHM  MOJieKyjiHpHLiM  bgcom,  BcerAa  coAepjKax  Menbrae 
XJIOpa,  ^GM  paCTBOpiIMbIG  ^paKpHH  TGX  >K6  06pa3Ii;0B.  ripHMGp  Ta- 
Koro  pacnpGAGJiCHTiff  xjiopa  no  (|)paKAHHM  noKasan  n TaSji.  2. 


T a 6 .Ti  11  A a 2 


CocxaB  nojiHMcpoB  I ii  II  no  ({ipaicuiinM 


nojiiiMep  j 

1 (DpaBaiiH 

Cocrau,  % 

G 

Jl 

N 

Cl 

I 

PacTBopiiMaa  b Cglle  . . . . . . . . 

76,38 

4,07 

2,72 

16,76 

HepacTBopiiMaa  n CgllG 

78,64 

4,33 

5,50 

10,30 

11 

PacTBOpiiMaa  b (CH3)2C0  

32,02 

4,20 

2,44 

7,71 

HepacTBopHMaa  b (CH3)2C0  .... 

02,70 

3,63 

3,34 

6,39 

Hhtgpgciio,  nxo  b cpaBiniMbix  cjiynanx  yMGHbiuGiiHG  coAcpwa- 
nnn  xjiopa  conpoBOJKAaGxcn  yBGJinnGHnGM  coAGpjKaniiH  aaoxa. 
Ohgbhaho,  nxo  c pocxoM  ii.enH  oxiAGnJiGHHG  aaoxa,  BxoAfliAGro  b 

ij;Gnb  conpnjKGHHn,  saxpyAHHGXcn. 

IIopHAOK  npH6aBJIGHHn  BJIHHGX  Ha  COAGpHCaHHG  xjiopa  b kohgh- 
HOM  npoAyKXG,  Hpii  BOCcxaHOBjiGHnn  cojin  AiiaaoHHH  b iagjiohhoh 
CpGAe,  B npilCyXCXBHH  H36HXKa  BOCCXanOBHXGJIH,  o6pa3yK)TCH 
60JI6G  BHCOKOMOJIGKyJiapHLIG  HpOAyKXbl. 

CyAfl  no  AaHHbiM  anajinspB  a^ih  nojiHMGpa  I na  OAny  aaorpynnj 
npnxoAHTCH  b opGAHOM  4“6  6GH30JibHbix  HAep  H iia  6—20  6eii30Jib- 
HHX  HAep  2 axoMa  xjiopa.  ^jih  nojiHMGpa  II  na  OAny  aaorpynny 
npUXOAHXCH  6 — 10  6GH30JIbHbIX  HAep  H Ha  5—16  6GH30JIbHbIX  HAep 
2 axoMa  xjiopa. 

IIoXGHmiOMGXpHHGCKHM  XHXpOBaHHGM  yCXaHOBJIGHO,  HXO  B HO- 
jiHMGpG  II  npncyxcxByGX  35,0%  KapGoKCiiJibHbix  rpynn..  CpGAHnai 

MOJIGKyJIHpHHH  BGC  HGpaCXBOpHMOH  B apGXOHG  (|)paKAim  HOJIHMGpa 

II  OKaaajicH  pasHLiM  3000,  MOJiGKyjiHpHWH  bgc  pacxBopnMon  b 
6gh30jig  (j)paKii;HH  nojiHMGpa  1700.  TaKHM  oSpaaoM  cpgahgg  hhcjio 

66TT30JTbnbTX  HAOp  B IMOJIGKyjTaX  (J)paKmTH  HOHTTMGpa  II  HGpaCXBO- 

piii'sfon  B aiiexcHG,  AO-Tinmo  Aocxnraxb  23 — 24.  06pa3i\bi,  C0Aep>Kamne 
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liieirbinee  KOJiMecTBO  xjiopa,  oGjia^axh  cooTBexcTLieHHO 

60JIbinHM  MOJieKyjIHpHbIM  BeCOM. 

XapaKTepiiCTH^ecKaa  BflaKOCxb  o6pa3^0B  c iiaHMeHbmHM  co- 
ji,ep>KaHHeM  xjiopa  cocxaBJiHJia  okojio  O,!- 

KpHBbie  SaBHCHMOCXH  npHBeA^HHOH  BH3KOCXH  OT  KOHIi;eHXpail,HH 
(pnc.  1)  Aaiox  anoMaJibHbie  nOA'BGMH. 

riOAOSHblH  aHOMaJIbHblH  XOA  KpHBblX  BH3KOCXI1  paCXBOpOB 

nojitiAeHHJieHOB  ywe  oxMeqaJiw  panee.  AnoMaJiiiB  bhbkocxh  npoA- 

nOJIOJKHXeJIbHO  o6T3HCHfieX- 
cfi  BaaiiMOAGHCXBiieM  Me>K- 
Ay  cxepH<Heo6pa3i-iLiMii  mo- 
jiGKyjiaMH  nojiHMepoB, 

npHBOAfliAHM  npH  oxho- 
CHxejibHO  Sojibiniix  koh- 
AGHTpaAiiax  k o6pa30BaHHio 
accou,HaxoB,  pacnojiaraio- 
n],HXCH  no  xoAy  xeneniin 
jkhakocxh  b KannjiJiHpe. 
ripn  MaJibix  KOHAeHxpaAHHx 
MOJieKyjibi  pacnojiaraioTca 
xaoxnnGCKH,  hxo  bgast  k 
pG3K0My  noBHineHHK)  npn- 
[ 0 0,5  IQ  15  2,0  2.5  3,0  ^,0  5,0  bga^hhoh  bh3K0CXh.  Menb- 

2/IOOmj)  34)(|)eKX  anoMajiHH  bas- 

PlIC.  1.  KpHBbie  BflSKOCTH  paCTBOpOB  KOCXH  AJI^  o6pa3U,OB  nOJIH- 

nojiHMepoB.  MGpa  II  mo>kgx  otixb  CBAsan 

/ — pacTBOp  nojTiiMepa  I;  2 — pacTBOp  noJin-  C BbIXOAOM  6GH30JIbHbIX  HA^P 
Hepa  11;  5 — pacTBop  noaiiMepa  n b AWMeTHJi-  h3  KOnJianapHOrO  COCXOAHHH 
‘ ‘ $opMaMHjie  H SoJIbmHM  OXKJIOHGHHGM 

MOJIGKyJI  9X0X0  nOJIHMGpa 
' OT  (|)OpMH  HA;GaJIbHOrO 

CT6p>KHH.  AnaJiGrunHO  bhxjiaaht  KpnBbie  bhskocth  a^^h  paBJinnnHX 
(|)paKAHH  noJiuMGpoB  (pnc.  2). 

TGHJIOCXOHKOCXb  nOJiynGHHBIX  BGIAGCTB  OAGHHBaJIII  HO  nOXGpG  B 
BGCG  npn  nOBbiniGHHbixxGMnepaxypax.  ^jik  nojiiiMGpa  I noxGpa  bbgcg 

3a  1,5  naca  npnSOO^  cocxaBJinJia  3,9%,  npn  350*^  3a  xo  h^g  bpgmh 
17%,  CHJibHOG  pasjioncGHHG  Hacxynajio  npn  450°.  JI^jih  pasjinnnHX 
o6pa3ii;oB  nojiHMGpa  II  noxGpHB  bgcg  3a  1 nac  npn  450°  cocTaBJiHJiH 
OT  2^  AO  42%  . IIo  npomecTBHH  1 — 1,5  naca  AaJibHGnmaa  BLiA^pjKKa 
npn  TOH  JKG  TGMnepaxype  ne  bgagt  k AonojiHHXGJibHon  noxGpG 
BGCA.  ' 

SHaHHTGabHHG  nOTGpH  B BGCG  A^I^  nOJIHMGpa  II  06T>HCHflK)TCfl 
AeKap60KCHJIHp0BaHHGM.  BcG  paCTBOpHMHG  B 6gH30JI6  HJIH  aiI,6T0HG 
4)paKAHH  pa3MHrnajiHCb  npn  riOBbimGHHbix  TGMHGpaTypax.  J\jih 
pasHbix  oOpasAOB  pasMHrneHHG  nponcxoAHJio  b iiHxepBajje  tgm- 

nGpaT\^p  154—275°. 

118 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


CneKTpti  norjiomeHHfl  b HH$paKpaCHOii  oSjiacTu  nojiHMcpa 
I yKasHBaioT  na  napa-aaMemeHne  b apoMaTn^ecKOM  HApe,  a TaKH^e, 

^TO  CBH3b  MeJKAY  6eH30JII>HtIMH  HApaMH  6jIH3Ka  K ABOHHOH,  T.  G. 
-qxo  CTpyKTypa  aghh  6jiH3Ka  K xhhohahoh.  ^jih  nojiHMepa  II  axoro, 
'ecxecxBGHHO,  HG  naSjiiOAaexcH.  B axoM  oxHomennH  c nojiHMepoM  II 
CXOAGH  nOJIHMep,  nOJiy^GHHHH  H3  3,3''-AHMeXHJl6eH3HAHHa. 


Pile.  2,  KpHBbie  BHBKOCTH  paCTBOpGB  $paKU,TiH  noJiiiMCpa-  • 
I (b  H2SO4). 

,1  — necppaHUiioHHpoBaHHMH:  rroJuiMcp,;  2 — (DpaKuim,  nepacTBOpHMaH 
B OeH30.ae;  3—  ^paKiBiH,  pacTBopHMaa  b Censojie. 


CneKxpu  OnP  pasjiHratix  o6pa3ii;oB  nojiHMepoB  noKaaajiH  y3- 
KHG  CHniaJIH  6e3  CBepXXOHKOH  CXpyKXyptl  C g-(|)aKXOpOM,  6aH3KHAl 
K 2.  KoHAeHxpaAHH  HecnapeHHtix  ajiGKxpoHOB  coexaBjiHJia 
10^® — 10^^  na  1 3 BerAGcxBa.  MeAHaa  cojib  nojiHMepa  II  AaJia  mapo- 
KHH,  B HecKOJibKo  coxeH  apcxGAOB,  acHMMexpuaHiiiH  CHrnaJi,  cboh- 
•CXBGHIIblH  XpeXMepHblM  CGXKaM  C HOJIHpHHMH  rpynnaMH.  riOHBJie- 
Hiie  xaKoro  carnaJia  mojkgx  cjiyjKHXb  yKasaHHGM  na  o6pa30BaHHe 
BHyxpHKOMnnGKCHbix  cxpyKxyp. 

UsMepCHHH  MarHHXHOH  BOCnpHHMHHBOCXH  nOAHMGpOB  I H II 

yKaaaJiH  na  najiHaae  napaMarnexHaMa  c y nopaAKa  1—1,5-10“®  na 

1 3 BGiAecxBa. 

, Bee  noayaeHHbie  nojiHMepH  oSjiaAajiH  npoBOAHMOCXbio  b npeAe- 
.jiax  10^® — 10“^®  OM~^  cmT^  npn  20°  c F nopaAKa  20 — 30  nnaji  n 
■ csq  He  BHme  10®  x.  e.  npaKxnaecKH  He  aBjiajincb  nojiy- 

npOBOAHHKaMH. 
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MccjieAOBaHHH  cneuTpOB  9IIP  h MaruHTHon  BocnpiiHivnHBocTH 
roBopHT  0 HajiHTOii  B onncaHHHX  HaMH  BemecTBax  cboSo^hbix 
paAHKaJiOB,  HTO,  b cboio  onepeAB,  cjiyjKHX  AonojiHHTejibHtiM  noA- 
TBepjKAGHneM  paAHKajibHOro  xapaKxepa  peaKAHH. 

IIojiy^eHHe  cpaBHuxejibHO  HHBKOMOJieKyjiHpHHx  BemecxB  mbi 
oSbHCHfleM  cjieAyioiAHM  oSpaaoM.  C pocxoM  nojiH(j)eHHJieHOBOM 
AenoHKH  yBejiHHHBaexcfl  cxa6HJibH0cxb  paAHKajia  (6HpaAHKajia) 
BCjiGACXBHe  yBejiHHeHHH  cxeneHH  AeJiOKajiH3an;HH  ajieKxponoB  no 
n.enH  conpHn^ennH  n Beca  xhhohahoh  cxpyKxypH.  B npeAejie  o6pa- 
ayexcH  paAHKaJi,  ne  cnoco6HbrH  k Aa:iibHeHmeMy  pocxy  b ycjiOBHHX 
AaHHOH  peaKn;HH. 

TaKne  neaKXHBHLie  6iipaAHKaJiiii  oSpasyioxca  ocoSenno  jierKO 
npH  Hajinann  nenpepHSHon  cncxeMLi  conpajKeHHbix  CBaaen  Me>KAy 
iiecnapeHHHMH  aaeaxponaiviH.  B nameM  cjiyaae  BoannKnoBeime 
noAo6Hb[x  oxHOCHxejibHO  KopoxKHx  6HpaAHKajibHbrx  6jiokob  Becb- 
Ma  BepoaxHO. 

CyAH  no  HK-cneKxpaM  nojiyaennhie  Beni;ecTBa,  no-BHAHMOMy, 
COBCGM  HO  HMGIOX  HJIH  HMGIOX  BGCbMa  MaJIO  paSBGXBJieHHH.  CxpyK- 
xypa  xaKHX  cxgp>khgbhx  MnoroaAopnHx  MOJiGKyji  AOJiacna  Shxb 
6jIH3KOH  K XHHOHAHOii  C B03M0?KHbIM'  Cyn^GCXBOBaHMGM  KaK  KOHAG- 
Btix  axoMOB  xjiopa,  xan  n HGcnapennHx  ajiGKxponoB. 

PacHGx  MOJiGKyjiapnoro  BGca  no  kohagbhm  rpynnaM  npnBOAnx 
K 3HaHGHHaM  B 1,5 — 2,5  pa3a  MGHbmHM,  HGM  naHAOHHHG  H30nHGCTH- 
HGCKHM  MGXOAOM,  Hxo  noAXBGpjKAaex  HaJiHHHG  accon,Haii;HH  B pacx- 
Bopax.  B ropaaAO  SojibniGn  cxononn  oSpasoBannG  accoAnaxOB, 
BHAHMO,  npOHCXOAHT  B XBGpAOM  COCTOaHHH.  CoHOCXaBJIGHHG  BGJIH- 
annH  MOJiGKyjiapnoro  BGca  c KOHn;GHxpaAHGHHGcnapGHHbix  3jigk~ 
XpOHOB  B XBGpAOM  BGmcGCTBG  nOKaaUBaGX,  axo  OAHH  HGCnapGHHblH 
ajiGKxpoH,  onpGAGJiaGMHH  MGXOAOM  9nP  npHXOAHXca  naAGcaxKH 
nan  gothh  MOJiGKyji,  9xox$aKx,  oSHapyacGnHLin  h aJih  Apyrnx  no- 
JIIIMGpHblX  COnpa>KGHHLIX  CHCTGM,  Mb!  CXaBHM  B npaMyiO  CBa3b 
C B03M05KHLIM  06pa30BaHHGM  H3  6HpaAHKaJIbHbIX  MOJIGKyJI  accoAHa- 
XOB,  B KOXOpHX  B SOJIbDIOH  MGpG  npOHCXOAHX  B3aHMHaa  KOMnGlI- 
can;Ha  cnnHOB. 

HsjioacGHHLiG  naMH  coo6paH?GHHa  nOAXBGpa^Aaioxca  n xgm,  axo 
npn  narpGBaHHH  pacxBOpHMon  b 6GH30jie  ^paKAHH  nojiHMGpa  I 
c n-AH3xnHHJi6GH30Ji0M  A^  200°  oSpasyGxca  aGpnbiH  nGnjiaBKiin  h 
HGpacxBopHMHH  npoAyKx. 

Mbi  npGAnojioa^HXGJibHO  paccMaxpnBaGM  axo  BGni,GcxBO  Kan  xpox- 
MGpnbiH  noaHMGp,  oSpaaoBafimnnca  b poayjibxaxG  6jiOK-npHBnxoii 
conojiHMGpnsaAHH  xGpMHaGCKn  aKXHBnpoBanHbix  OnpaAHKaJioB 
c On^ynKAHOHajibHHM  poarGnxoM.  BsanMOAencxBHG  xaKoro  xnna 
MOaCGX  OXKpbIXb  mnpOKHG  B03M0>KH0CTH  HCn0ab30BaHHa  MaJIOaK- 

thbhhx  6npaAHKaJiOB. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


JIiiTepaTypa 

1.  H.  M-a  r k,  Proc  Symps.  Role  of  solid  state  phenomena  in  electric  cir- 
cuits 7 125  1959 

2.  J,  B 0 h r e r,  Trans.,  Acad.  Sci.  ser,  IT,  20,  JVs  5,  367,  1958. 

3.  A.  A.  B e p Ji  II  H,  B.  H.  H a p ii  h n,  Hsb.  Bticm.  yuc6u.  aaBefl. 
XlIMHH  H XHM.  TeXHOJIOrHH,  1,  122,  1958. 

4.  G.  Goldfinger,  J.  Polymer  Sci.,  4,  93,  1949. 

5.  G.  Edwards,  G.  Goldfinger,  J.  Polymer  Sci.,  16,  589, 
1 955 . 

6.  T.  Kucera,  floKJia^  na  KOH(J)epeiin,Hii  no  BHcoKOMOJieKyjiHpiiUM  co- 
eAHHeHHHM,  Ilpara,  1957. 

7.  S.  G 1 a e s s 0 n,  R.  G e h m,  W.  K e rk,  Makromolek.  Chem.,  7, 
46,  1951. 

8.  M.  H e 1 1 m o n,  A.  Bilbo,  W.  P u m m e r,  J.  Amer.  Chem. 
Soc.,  77,  3650,  1955. 

9.  W.  Kern,  R.  C e li  m,  M.  S e i b e 1,  Makromolek,  Chem.,  15, 
170,  1955. 

10.  A.  A.  B e p JT II  IT,  B.  H.  Hap  ii  ii  h.  Hsb.  AH  CCCP,  Ot/i;.  xiim.  h., 
1959,  1674. 


Summary 

Multinuclear  aromatic  compounds  are  distinguished  by  con- 
siderable thermostability.  In  a number  of  cases  they  have  been 
shown  to  be  endowed  with  semiconductor  properties.  In  view  of 
this  the  development  of  a method  of  synthesis  and  investigation 
of  aromatic  polymers  with  a common  system  of  conjugated  bonds 
has  both  theoretical  and  practical  interest. 

Such  substances  have  been  synthesized  by  the  authors  on  de- 
composing bisdiazo  compounds  by  an  ammoniacal  solution  of 
univalent  copper,  and  also  on  decomposition  of  bisnitrosoacetates. 
In  particular,  4,4'-bisdiazobiphenyl,  ”4,4'-bisdiazobitolyl,  4,4'- 
bisdiazobiphenyldicarbonic  .3,3-acid  and  benzidine  N,N'  bis- 
nitroso  acetate  were  employed. 

On  decomposition  of  the  bisdiazo  compounds  a powder  of 
orange  to  brown  color  was  formed,  soluble  in  concentrated  sul- 
furic acid  and  insoluble  in  most  organic  solvents.  Analysis 
showed  it  to  probably  possess  the  composition: 


where  R = H,  COOH  or  CH3. 
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On  the  average  one  azo  group  is  present  for  each  4 — 10  benzene 
rings  and  2 chlorine  atoms  for  each  10—20  rings. 

The  mean  molecular  weight  determined  for  one  of  the  carboxy- 
lated  polymer  specimens  was  foutid  to  be  3000.  On  heating  to 
400®  the  polymer  decarboxylates.  At  450®  decomposition  sets  in. 

Viscosity  curves  of  solutions  in  c^  coordinates  exhibit  an 

C 

anomalous  rise  within  the  limits  c = 0.1 — 1%. 

The  concentration  of  unpaired  electrons  in  the  polymers  was 
shown  by  the  electron  resonance  method  to  be  g.  Heating 

the  substances  leads  to  an  increase  in  concentration  of  unpaired  ^ 
electrons  by  1 — 2 magnitudes. 

The  spectra  and  X-ray  diagrams  of  the  substance  swere  obtained . 
Evidently  the  formation  of  polymers  from  bis-diazo  compounds 
is  of  a radical  nature,  leading  to  the  formation  of  stable  radicals 
of  low  activity.  Low  molecular  fractions  isolated  from  the  poly- 
mers are  fusible  and  soluble  in  benzene.  They  are  capable  of 
reacting  with  diethynylbenzene  with  the  formation  of  non-rhel-- 
ting  and  insoluble  thermostable  products.  , 

Carboxylated  polymers  , form  salts  with  transition  elements, 
that  evidently  are  of  the  nature  of  intra-complex  compounds 
with  intermolecular  crosslinkage. 

Products  of  the  decomposition  of  benzidine  bisnitrosoacetate 
are  in  general  similar  to  those  resulting  from  bisdiazodiphenyl, 
but  contain  less  unpaired  electrons. 


Resume 

Les  aromatiques  polynucleaires  se  distinguent  par  une  haute 
stabilite  thermique;en certains cas  leurs  proprietes  ont  ete  etablies. 
A cette  occasion,  le  developpement  des  procedes  de  la  synthese 
et  r etude  des  polymeres  aromatiques  ayant  le  systeme  unique 
des  liaisons  conjugiiees  est  interessant  du  point  de  vue  theorique 
comme  pratique.  . 

Des  composes  pareilles  ont  ete  obtenus  par  les  auteurs  moyen- 
nant  la  decomposition  des  bisdiazoiques  par  la  solution  ammoniacale 
du  cuivre  monovalent  ainsi  que  moyennant  la  decomposition  des 
bisnitrosoacetates.  En  particulier  on  a applique  le  4,4'-bisdia- 
zobiphenyl,  4,4'-bisdiazobitolyl,  4,4'-acide  bisdiazobiphenyl- 
dicarbonique-3,3  et  N,N'-bisnitrosoacetate  de  benzidine. 

A la  suite  de  la  decomposition  des  bis-diazoiques  ont  ete 
obtenues  des  substances  en  forme  de  poudre,  colorees  d^orange 
a brun,  solubles  en  acide  sulfurique  concentre  et  peu  solubles 
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dans  la  plupart  des  solvants  organiquas.  Les  analyses  donnent 
line  composition  probable: 


Cl  — 


I 

R 


R 


, ^ 

-^L  R 


Cl 


ou  R=H,  -COOH  ou  -CHg. 

En  moyen,  il  y a uh  groupe  — azo  par  4—10  iioyaux  de 
benzol,  et  2 atomes  de  chlore  par  10 — 20  iioyaux. 

Le  poids  moleculaire  moyen,  determine  pour  Tun  des  echan- 
tillons  de  polymere  carboxyle  a ete  trouve  3000.  Etant  chauffe 
jusqu  a la  temperature  de  400^  ce  polymere  est  decarboxyl e. 
A la  temperature  de  4i^0  line  decomposition  des  polymeres  sc 
produit.- 


Les  courbes  de  viscosite  avec  les  coordonneesGi  ^ donnent 
la  montee  anomale  aux  environs  0,1—1%. 

Par  une  methode  de  resonance  paramagnetique  electronique 
on  a montre  que  la  concentration  d’electrons  libres  dans  les 
polymeres  obtenus  atteint  ~10^®  par  gramme  de  substance.  Le 
chauffage  des  substances  cause  Taccroissement  de  la  concentration 
d' electrons  libres  de  1—2  ordres. 

On  a prepare  des  spectres  et  radiogrammes  des  substances 
produites.  II  parait  que  la  reaction  de  formation  des  polymeres 
a partir  desbisdiazoiquesaun  caractere  radical  et  aboutit  a Infor- 
mation des  radicaux  stables  ayant  une  faible  reactivite.  Les 
fractions  a bas  poids  moleculaire  separees  des  polymeres,  etant 
fusibles  et  solubles  en  benzol,  sont  susceptibles  a reagir  avec 
le  diethynilbenzol  en  donnant  les  produits  infusibles  et  insolubles, 
.stables  a chaud. 

Le  polymere  carboxyle  forme  avec  les  metaux  transitifs  les 
sels  resistant  a la  chaleur,  qui  porteraient  le  caractere  des  compo- 
ses intracomplexes  ayant  une  reticulation  intramoleculaire 
des  chaines.  . 

Les  substances  obtenues  par  la  decomposition  de  bisnitroso- 
acetate  de  benzidine,  en  gros,  sont  analogues  a celles  obtenues 
a partir  du.  bisdiazobiphenyle  mais  comportent  moins  des 
electrons  libres. 
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XHMHHECKHE  nPEBPAlHEHHH 
HEPACTBOPHMbIX  COIIOJIHMEPOB  CTHPOJIA 

E.S^Tpoc'niJiucKdii^  II^tl.JloceG^  A.  V*  T c e ^ u ncir 
C.  B.  M ana  poo  F.  3^  H e 0 ed  o o a, 

JL  y C mm  - 9§€  ao 

(CCCP) 


Mo^II^HIl,HpOBaHHe  CBOHCTB  nOJIKMCpHtlX  COBAHHeHHH  IiyTeM  HX 

XMMHHecKoro  npespameHHH  Haxoji,MT  Bce  6ojibinee  npHMeHeHiie.  Hc- 
nojibaoBaHiie  axoro  cnoco6a  MO^H^Hii;iipOBaHHH  cbohctb  iiepacT- 
BOpHMLIX  ‘ nOJIHMepOB  HJIH  COIIOJIHMepOB  Tpe&yGT  B Ka>KJl,OM  OT- 
flejibHOM  Cjiynae  naxoJKAeHHH  ocoSbix  ycjiOBHH,  oSecne^iiBaio- 
ni,HX  HaH6ojiee  BUCOKyio  cxenenb  hx  xHMHHecKoro  npeBpam^eHiiH. 

BBGAGHHe  B COCXaB  HepaCTBOpHMblX  COIIOJIHMepOB,  CO^ep/Ka- 
mnx  apoMaTmecKHe  sBeHbH,  ^yHKi^HOnajibHbix  hjih  noHOreuHLix 
rpynn,  oSjierHaexcH  npe^BapHTGJibHbiM  xjiopMeTHjmpoBaHHeM  axiix 
conojiHMepoB.  HaMii  pa3pa6oTaHH  ycJiOBHn  xjiopMeTHJiMpoBaiiiiH 
conojiHMepoB  crapojia  h BHHHJiHa^JxajiHHa  c npHneneHneM  pean- 
PHH  Bjiana  [1].  OAHano  ajih  AOCXHH^eHHH  HaH6ojiee  bbicokoh 
cxeneHH  npeBpamemm  peaKri;HK)  hgoSxoahmo  npoBOAHXb  b cpeAO 
xjiopnpoH3BOAHbix  yrjieBOAopoAOB,  BbisbiBaioiAHX  Ha5yxaHHe  co~ 
nojiHMepa,  xaKHX  Kan  ah-  hjih  xexpaxjiopaxan.  PearenxaMH  cjiy-* 
>KaT  napa^opM  HXJiopncxHHBOAopoA,  KaxajinaaxopoM — xjiopHCXHii 
AHHK.  CxeneHb  xjiopMexHjinpoBaHHH  aanexHO  Boapacxaex  noKa 
MOJiapHoe  cooxHomeHHe  napa(J)opMa  h SBenbeB  cxnpojia  conojiii- 
wepa  B peaKAHOHHOH  cmgch  He  AOcxnrHex  2 : 1;  A^JibHenmee  yBe- 
jiHHeHHe  KOJiHHecxBa  napa(|)opMa  He  OKaabiBaex  bjihhhhh  na  cie- 
neHb  npeBpaiAeHHH  conojiHMepa  (pnc.  1,  a).  B npHcyxcxBHH  75^ 
80%  KaxajiHsaxopa  ox  secOBoro  KOJiHHecxBa  apoMaxHaecKoro 
KOMHOHeHxa  B coHOJiHMepe  H npH  xeMnepaxype  peaKAHH  60  65^ 

coAepH^aHiie  xjiopa  b conojiHMepe  napacxaex  b xeaenne  nepBbix 
6_8  aacoB  nponycKaHHH  xjiopncxoro  BOAopoAa,  a saxeM  naHHiia- 
ex  naAaxb  (pnc.  1,  6).  TaKoe  npoxeKanne  peaKAHH  mo>kho  o6b- 
HCHHTb  noBHinemieM  cKOpocxH  Me?KMOJieKyjiHpHoro  BsaHMOAOii- 
cxBHH  c yBeJiHHeHHeM  coAepJKaHHH  xjiopa  b conojinMepe.  Hgm 
HH>Ke  KOHAeHxpai^Hfi  3BeHbeB  cxHpojia  b conojiHMepe,  xeM  MeHbme 
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BepOHTHOCTL  B3aHMOAeHCTBHH  XJIOpMeTHJIBHHX  rpynn  C 

JHLIMH  rpynnaMH  cocgahhx  u^eneii  n tgm  BLime  cienenh  xjiopMeTiiJiH-. 

poBaHHH.  8to  nojroKeHHe  Stijio  naMn  ycTanOBJieHO  na  npiinepe 

6 


Phc.  1.  a ~ BjiHHHHe  C0Aep>KaHiiH  napa(j[)opMa  (b  mojihx  iia  mojib  sBena  CTupoJia) 
aa  CTcneiiB  xjiopMeTHjiapoBaimH,  6.  — BjiHaaiie  npoAOJi>KHTeJiBHOCTn  peaKAHH 
iia  npoaecc  xjiopMeTHJiiipoBaHHH. 

conojiHMep  CTHpojia  a ABEMHiuiOeHsoJia  (CD);  IJ— conojiHMep  CTiipojia  u ABBiiHiuia  (CB) 


peaKD;HH  XJIOpMeTHJinpOBaHHH  XOnOJIHMepOB  CTJipOJia  H 

jia,  co;^ep>KamHX  pasjiHHHoe  KOjinnecTBO  sBenbeB  CTiipoji  (Ta6ji.  1). 

Ta6jiHD;al 


XjiopMeTHJiBpoBaHHe  conoaiiMepoB  cxHpojia  h ABBHHHaa 


Conepwaiiiie  sbc- 

HbCB  CTHpOJia  B 

conomiMepe,  % . 

ConepwaHHe  xjiopa 
nOCJie  XJIOpMeTHJIHpO- 
BaHHH,  % 

CTencHb  xjiopMeTiuiii- 
poBamiH,  % OT 
TeopeT. 

30 

6,5 

94,5 

50 

10, 2i 

89,0 

60 

11,0 

80,5 

.85 

13,5 

74, U 

CTeneHb  xjxopMeTiiJiHpOBaHHH  conojiPiMepa  CTiipojia  h ahbhhmji- 
•6eH30jia  (C^i;),  Ha6yxaH)iii;ero  b AHXJiopBTane  na  160%,  o6bmHO 
Oojiee  HH3KaH,  ^GM  CXGnGHb  XJIOpMGTHJIHpOBaHHH  COHOJIHMGpa 
BHHiiJiHa^TajTHHa  II  AHBHHHJi6GH30Jia  Ha6yxaiomGro|^B  flU- 
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xjiopaxaHe  Hall0%,  ii  conojiHMepoB  CTMpojia  n flHajiJiajiMajieH- 
Haxa  (CM)  u cxHpojia  h aTHJieHrjiHKOJiLAHMexaKpHJiaxa  ^ (CFM) 
(cm.  xa6ji.  2). 

T a 6.  Ji  H n;  a 2; 


XjiopMexnwiiipoBaHHe  conojiHMepoB  CTHpoaa 


. 

HaHMeHOBaHHe ' 
conojiHMepa 

CojiepiKaHHe  xjiopa 
nocJie  xjiopMeTHJiM- 
pOBaHHH,  % 

CxencHB  xJiopMeTHJiH- 
pOBanufl,  % OT 
TeopHH 

CA 

15,3 

73,0 

BA 

14,8 

85,5 

CM 

• 17,2 

91,0 

CFM  . 

15,0 

81,0 

XjiopMexiumpoBaHHMe  conojiHMepti  cxiipojia  HcnojiBsoBaHHi 
HaMH  ajih  nojiyHCHM  aMMOHaeBLix,  cyjib(J)OHiieBMx  h 4>oc(J)OHHe- 
B.ilX  OCHOBaHHH. 


Phc.  2.  BjiHflHHenpoAOji>KH-  • Phc,  3.  CKopocTt  peaKaHH  aaMemenaa  xJioptv 
TeJibHOCT  peaKB,HH  Ha  npo-  na  THOAkaTHJieHrjiiiKOJib 

Uecc  aMHHHpOBaHHH  /— peaKiinn  npn  20  *,  2— peaKpHH  npH  50° 

/ — aMHHiipoBaHHe  npn  50°. 
iJ—  aMHHHpoBamie  npH  100° 

AMHHHpOBaHHeM  B H35£IXKe  XpeXHHHOrO  aMHHa  MOJKHO  3a- 
MecxHXb  B xjropMexHjiHpoBaHHOM  conoJiHMepe  Bce  axoMu  xjiopa.TaK,. 
npn  AeHCXBHH  Ha  xjiopMexHJinpoBaHHWH  C^,  coaiepH^amHH  15,3% 
xjiopa,  xpnaxaHOjiaMHHOM  (3  mojih  na  Ka>KAoe  xjiopMexHJiHpoBaHHoe* 
3BeHO  conojiHMepa)  npn  50"^  y^aexcH  3a  9 too.  aaMecxiixL  93% 
xjiopa;  npH  100° nojiHoe  aaMemenne  xjiopa  naSjiroj^aexca 
Hepe3  6 Hac.  (pnc.  2).  06pa6oxKOH  aMHHHpOBaHHoro  conojiHMepai 
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pacTBopoM  aMMiiaKa  nojiyneHO  HeTBepraMHoe  aMMOHMesoe  ocho- 
BaHHG  (ACfl),  B KOTopoM  coAepH^HTCH  4,2%  aaoxa  h ochobhoctb 
KOToporo  cocxaBJifleT  2,7  Mdmiz. 

Cyjib$OHHeBoe  ocHOBanHe  nojiy^eno  3aMenj,eHHeM  btomob  xjio- 
pa  b xjiopMeiHJiHpoBaHHOM  GJI,  Ha  THOAHaxHJieHrJiHKOJib: 


- CHg—GH hS(CaH40H)2— CHa— GH— NH4OH— GHa—GH  — 


G6H4CH2 

I 

G1 


G6H4GHa 
h 

GIS  (GaH40H)2 


GCH4GH2 

HOSCGaHaOH)^ 


CKOpocxb  peaKAHH  aaMemeHHH  xjiopa  na  xHOAHaxHJienrAMKOJib 
B cHJibHOH  cxeneHM  aaBHCHX  ox  xeMnepaxypH  h aanexHO  Boapacxa^ 
ex  y>Ke  c nepexoAOM  ox  20°  k 
50°  (pHc.  3).  IIpeBpaiHieHHe 

CyJIb(J)OHHeBOH  COJIH  B OCHO- 
BaHHe  xpe6yex  AJiHTejibHOH 
o6pa6oxKH  pacxBopOM  aMMna- 
Ka.  CoAep?KaHHe  cepH  b cyjib- 
^OHHeBOM  OCHOBaHHH  AocxHra- 

ex  5,6%,  Hxo  cooxBexcxByex 
66%-HOMy  3aMeni;eHHio  xjiopa. 

OcHOBHOcxb  conojiHMepa,  on- 
pefleJiGHHaH  XHxpOBaHHeM,  ne 
oxBenaex  cOAepJKaHHio  b HeM 
cepu.  o6pa3i];oB,  cyjib- 

(|)OHHpoBaHHbrx  npH  20°,  ona 
cooxBexcxByex  c'oAepjKaHHio 
cepbi,  paBHOMy  58%; 

06pa3H;0B,  CyJIb(j)OHHpOBaHHHX 

npH  50°— 29%.  Ilpn  noBxop- 
Hbix  nepeBOAax  cojih  b ocho- 
BaHHe  BeJiH^HHa  ochobhocxm 
He  MeHaexcH. 

HepacxBopHMoe  nojiHMep- 
Hoe  ^oc(J)OHHeBoe  ocHOBaHiie 
6hjio  HaMH  nojiyneHO  j^eiicr- 
BneM  xpH(|)eHHJi$oc(j)iiHa  na 
XJIOpMeXHJIHpOBaHHLIH  COHO- 

jiHMep  Cfll  npH  80°  b npncyxcxBHM  xjiopncxoro  ajiioMHHHa. 
3a  60  Hac.  HarpeBamia  yAaexca  AOcxHrnyxb  32%-hoh  cxeneHii 
aaJMemeHHH  xjiopa  na  rpynnH  xpH(|)eHHJi(J)OC(J)HHa.  Ilocjie  paapy- 
THGHHH  npoMe>KyxoaHoro  KOMHJieKca  h oSpaSoxKii  conojinMepa 
pacxBopoM  aMMHana  nojrnMepHoe  $oc(|)OHHeBoe  ocHOBaiine  HMeex 


Phc.  4.  KpiiBwe  noTeHu;HOMeTpHBecKoro 

TUTpOBaHHfl 

1 — HeTBCpTHHiioe  aMMOHHeBoe  ocHOBaHiie; 
2 — HeTBepTHHHoe  $oc$OHHeBoe  ocnoBaHne; 
3 — HeTBepTHHHoe  cyjiB^OHiieBoe  ocHOBamie 
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ocHOBHOCTb  paBHyK)  0,65  MSKele: 

+P(C6H5)3 

C6H4GH2  +AIGI3 

I ■ 

Gl 

^:GH2  — GH—  NH4OH  . -:_CH2~GI-I  — 

C6H4GH2  G6H4GH2 

- +/ 

G1P(G«H5)3  , H0P(G6H5)3 

ConocTaBJieHne  KpiiBLix  noTeHi^HOMeTpiiHecKoro  THTpoBaiiiia 
(pnc.  4)  yKaaLiBaex  na  npHHaAJie>KHOCTB  Bcex  HccJieAOBaHHLix 
conojiHMepoB  k rpynne  chjibhmx  MOHO(|)yHKii,HOHajibHBix  ocHOBa- 
HHH. 

SaMemeHHe  xjiopa  b xjiopMexHJiHpoBaHHBix  conojiHMepax  na 
xpnaxaHOJiaMHH  nosBOJiiuio . ocymecxBHXB  /^aJiBHeiiiiiHe  xhmh- 
aecKHG  npeBpain;eHHH  conojinnepa  fljia  npHAanaa  eMy  cbohcxb 
KOMnjieKCOoSpasoBaxejia.  C axoH  ij;ejiBK)  xpHaxaHOJiaMHHHaa  rpyn- 
na  B conoaHMepe  6Liaa  naMH  npeBpamena  b rpynny  HHxpimoxpH- 
yKcycHoii  KHcaoxBi  [2]  nan  b rpynny  xpnaMHHOxpiiaxHaaMHHa. 
B nepBOM  cayaae  mbi  ocxanoBnancB  na  caeAyiomen  cxeMe  xhmh- 
necKoro  npeBpamenna: 

— GH2  — GH—  HNO3 

G6H4GH2 

H0N(cIh40H)3 


— GH2  — GH~  HNO3 

G6H4GH2 

Tt^CHiCOOH 
^ ^^XCH^CHaOH 
\CH2CH2I 


CelliCHa 

NO  tr^CH^COOH 
^^^=*^\CH2C00H 
\CH2COOH 


Bne  BaBHCHMocxH  ox  BBi6opa  oKHcanxeaa  cxenenB  OKncaenna 
axanoaBHBix  rpynn  cocxaBaaex  30 — 60%  ox  xeopnii.  OKHcaenne 
aBOXHOH  KiicaoxOH  (a— 1,345)  npn  70 — 80^  conpoBO>K^aexca  nan- 
MeHBniHM  oxmenaenneM  aMnnorpynn  (na^jenne  coji;epa«aHHa  aao- 
xa.  ;i^ocxHraex  22%).  ConocxaBaenne  Kncaoxnoro  aiicaa  npoa;yK- 
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TOB  OKHCJieHHH  (2,36  MdKels)  H OCHOBHOCTH  (2,08  MSKbIq)  IIOKaBIiI- 
BaeT,  ^TO  npeHMyni;ecTBeHHO  OKHCJiHeTCH  no  o^hoh  aTanojiBHon 
rpynne  b SBene.  Bosmohcho,  nxo  BTopne  ^bg  oSpaayiOT  uemjiY 
coSoH  npocTyio  a^npHyio  cbhbb,  paspyineHnn  KOTopon  cono- 
JiHMep  o6pa6aTHBaiOT  HOfl;HCTOBOj^opofl;HOH  khcjiotoh.  Ilocjie  xa- 
KOH  oSpaSoTKH  noBTopnoe  OKHGJieHne  conojinMepa  npn  xex  jkg 
ycjiOBHHx  ;^aGT  npo^yKT,  co^Gp}Kain;HH  2,35%  aaoxa;  ochobhoctb 
Gro  cocxaBJiHGT  1,5  M9Ke/r  n khcjiothog  nncjio  4,18  MSKela,  Cjig^o- 
BaTGJiLHO  93  % BTaHOJibHHx  Tpynn  b hgm  okhcjighh  fl;o  KapSoK- 

CHJIBHHX.  IIpHMGHnn  60JIGG  MOTKHG  yCJIOBHH  Ha  060HX  CXa^MX 
OKHCJiGHHH  y^aGTCH  coxpaHHXB  Hcxo^HOG  co^epn^aHHG  aaoxa  B co- 
nOJIHMGpG,  HO  CXGnGHB  OKHCJIGHHH  COCXaBJIflGX  80%,  X.  G.,  B CpGA" 
HGM  OKHCJIHGXCH  HO  2,4  axaHOJIBHHX  rpyHH  B 3BGHG. 

BxOpOH  HOJIHMGpHHH  KOMHJIGKCOH  HOJiyHGH  HBMH  HO  CJIG^yiO- 
mGH  CXGMG,  oSGCHGHHBaiOmGH  HanSojIGG  BBICOKyiO  CXGHGHB  HpGB- 
pani;GHHH: 


--CHa-^CH  — 

/ 

C,H^H2  SOGI2  — CHa-GH 

goi-GHaGHsOH-^-^ 

GH2GH2OH 


\ 

GHjGHjOH 


G6H4(GO)aNH 

saieM 

+Ha0+NH40H 


GeHaGHa 


GH2GH2GI 

^GHaGHaGl 
GHjGHaGl 


/ 


\, 


— GHa  — GH  — 

GeH^Ha 
- + / 

HON^GHaGHaNHa 

OGHaGHaNHa 

^GHaGHaNHa 


SaMemeHHe  rMflpoKCHJiBHHx  rpynn  Ha  rajiOHfl  npoBOflHJiM 
CMecbK)  SpoMHCToro  KajiHH  H cepHOH  KHCHOTH  (aaMemcHO  19%), 
TpexSpoMHCTHM  $oc(|)opoM  (aaMemeHO  26%),  hhthxjiophcthm  (Jioc- 
(popoM  (saitemeHO  57%)  h thohhjixjiophaom  b npacyTCTBHH  hh- 
piiflHHa  (aaMemeHO  96%).  IIpH  fleficTBHH  raoHHJixjiopHfla  na  co- 
HOJiHMep,  Ha6yxniHH  B xjiopo^opMe,  naffeHHH  co^epwaHHa  aaoia  He 
Ha6jiH)p;aeTCH.  SaMem^HHe  btomob  xjiopa  Ha  nepBHHHue  bmiiho- 
rpynHH  p;eHCTBHeM  reKcaMejHJieHTeTpaMHHa  flaeT  CTenent  npespa- 
mGHHH  ji;o  46%.  HarpeBanneM  conojiHMepa,  Ha6yxniero  b kchjio- 
jie,  c (|)TajiHMHflOM  KajiHH  MOJKHO  flocTHrHyxb  CTeneHH  3aMeni6Hnfl 
paBHOH  89%. 

9 3aK,  4U 
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C^epiraecKaH  (J)opMa  npoTOBix  cTeKnoBHflHBix  rpanyji  nojiii- 
MepHoro  aMMOHHeBoro  ocHOBaniifl  (nanpHMep  ACfl)  h hx  BBtconaH 
HaSvxacMOCTB  coBAaioT  6jiaronpHflTHBie  ycjiOBHH  flJiH  nojiHMepn- 
saAHH  BHHHJIBHHX  npOHBBOflHHX  BHyxpH  rpaHyji  ceT^axoro 

conojiHMepa.  UccjieflOBaHHflMH  Xax^ia,  /];HJiJiOHa  h OMHxa  I cSJ  ycxa- 
HOBJieno,  ^ixo  nojiHMepHsaAHH  MexaKpnjiOBOH  KucnoxBi  b rpany- 
jiax  conojiHMepa  xnna  AC^  npHBOffHx  k oSpaaoBaHHio  iiepac- 
xBopHMbH  CHCxeMH,  cocxoHiAeH  H3  ccx^iaxoro  conojiHMepa  ii  iiaKpo- 
MOJieKyji  JiHHeHHOro  nojiiraepa,  «3anyxaBmHXCH»  b Hen.  UAnaKO 
HepaCXBOpHMOCXb  XaKOH  CHCXeMBI  M03KH0  oSbhchhxb  H BBailMO- 
neficxBHeM  aMHHorpynn  cexnaxorb  conojiHMepa  c khcjioxhbimh 
rpynnaMH  jiHHeiiHoro  noJiHMepa.  IIoaxoMy  npeACxaBUHJio  iiiixe- 
pec  npoBepHXB  bosmojkhocxb  oSpaaOBaniiH  nepacxBopHMOM,  no 
Ha6vxaioni;eH  chcxbmh  conojiimep  — noJiHMep,  coAepJKaipeH  oaho- 
xnnHBie  HOHorennHe  rpynnH.  flJiH  axoro  rpanyjiBi  ACfl  (ochob- 
Hocxb  2,7  MdKeh,  coAepJKaHHe  aaoxa  4,2%,  naSyxaeMOcxb  bboao 
70%)  BHAcpJKHBajiH  b cojihhokhcjiom  pacxBope  MeXHJIBHHHJinil- 
pHAHHa  B npHcyxcxBHH  HHHpHaxopa.  IlocJie  MaKCHMajibnoro  iia- 
OvxanHH  rpanyjiBi  HSBJieKaJiH  h3  pacxBOpa,  BBiAepatHBaJiH  b aMny 
jiax  npH  20°  h 3axeM  npn  70°.  HocJie  TniaxejibHoii  aKCTpaKpiiH 
pa36aBJieHH0H  cojihhoh  khcjioxoh  h saxeM  apexOHOM  coiiojiiiMep 
HMeJi  cJieAyiomHe  cBOiicxBa:  ochobhooxb  5,1  MBKeh,  coAepjKaniie 
aaoxa  5,56%  nabyxaeMOCXb  b boao  110%;  cJieAOBaxejibno,  co- 
AepjKaioie  MexHJiBHHHJinupHAHiia  b conojiHMepe  paano  /bO  mb/z 
nojiHMepa. 

HeB03M0JKH0CXB  H3BJieBb  nOJIHMeXHJIBHHHJinHpHAHH  H3  CXOJIB 

CHJibHO  Ha6yxaion];eH  CHCxeMBi  aacxaBHJio  nac  npoaepnxb  3xh  na- 
6jiK)AeHHa,  AJia  nero  mw  nojiHMepnaoBaJiH  naxpHeayio  cojib  Mexa- 

KPHJIOBOH  KHCJIOXBI  {UMK)  H HaxpHeByiO  cojib  BHHHJICyJIb$OKHC- 
JIOXBI  (IIBK)  B rpanyjiax  cyjiB^HpoBannoro  conojipMepa^  cxnpojia 
H AHBHHHJi6eH30Jia  (C,n,B).  PesyjiBxaxM  nccJieAOBaHHH  chcxcm 
conojiHMep— nojiHMep,  npoBeAenniax  nocJie  AJiaxeaBHOii  BKCxpaK- 
AHH  pacxBopHMBTX  (J)paKn,iiH,  npHBeAenbi  b xa6ji.  o. 

T a 5 JT  H 13,  a 3 

CBoiicTBa  conoauMcpoB 


KHCJiOTHoe  qHCJio,  JH9>re/3 

HaOyxamie  b Boae,  % 

1 

Coaepwaiiiie 
iiOJiHMepa  B 
CAB,  Me/s 

CHCTeMa  conojiii- 
Mep  — noJiHMcp 

CAB 

CAB  — noJiH- 
Mep 

CAB 

CAB  — noJiu- 

, MGp 

I 

CflB  — IIMK 

' 4,4 

7,0 

210 

120 

198 

CAB  — riBK 

4,4 

■ 6,15 

■ 210 

190 

212 

noBXopnas  SKCipaAHH  ne  BBisBiBaex  HaMeHeHiiii  b peayjibxa- 
xax  HcnbixaHHH.  nojiyneHUBie  AaHHBie  aacxaBJiHiox  nac  nojiaraxb, 
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MTO  nojiHMepiiaai^HH  bhhhjiobhx  npoHBBOAHtix  b BticoKOHaoyxa- 
K)rD,nx  ceT^aTBix  conojiHMepax  coiipoBO?KflaeTca  npiiBUBKOH  nojiix- 
Mepa  K conojiHMepy.  Mexoji;  uomeT  Shtb  HcnojibaoBan  noBLitire- 
Hiia  KOHiieHTpaiiHH  HOHOrenHBix  rpynn  b HOHHTax 


JIiiTepaxypa 

1.  M G.  Blanc,  Bull.  Soc.  Chim.,  [4],  33,  313,  1923. 

2.  KoMiiJieKcoMeTpHH,  C6.  nepeBo,n,OB,  PocxiiMiia^^aT,  1958. 

^ ^/Q  i 1 1 0 n,  H.  Smith.  Industr.  Engng.  Chem.^ 


Summary 

With  the  objective  of  synthesizing  various  insoluble  poly- 
electrolytes  and  complexones,  the  chemical  reactions  have  been 
studied  of  insoluble  styrene  copolymers  (styrene  — divinylbenzene 
or  styrene  diallylmaleate)  and  of  copolymers  passing  into  the 
insoluble  state  during  the  synthesis  (styrene—  divinyl).  By  substi- 
tuting the  chlorine  atom  in  chloromethylated  copolymers  for 
ionogenic  and  complexonogenic  groups  new  polymer  ion  exchangers 
and  complexones  have  been  obtained.  Chloromethylation  of  the  co- 
polymers was  accomplished  with  the  aid  of  paraformaldehyde  and 
hydrogen  chloride  in  the  presence  of  zinc  chloride  in  dichloroethane 
medium  (copolymer  1).  The  extent  of  conversion  is  determined 
by  the  structure  and  swelling  capacity  of  the  polymer  and  varies 
between  65  and  95%. 

The  chlorine  atom  of  copolymer  I is  completely  replaced  by  an 
amino  group  under  the  action  of  triethanolamine  (copolymer  2). 
The  polyelectrolytes  formed,  possess  the  properties  of  quaternary 
ammonium  bases  with  basicity  2.6— 2.9  mg.  eq.lg.  The  high  swel- 
ling capacity  of  copolymers  2 has  been  utilized  for  investigating 
the  possibility  of  polymerizing  vinyl  dervatives  in  the  copo- 
lymer network.  The  polymerization  of  a-methyl  vinyl  pyridine  in 
copolymer  2 granules  leads  to  a polymer-in-copolymer  system 
containing  up  to  30%  polymer  and  incapable  of  separation 
by  extraction.  The  basicity  of  such  a system  attains  a value  of 
5.1  mg.  eq.lg. 

The  substitution  of  chlorine  in  copolymers  I by  phosphine  or 
sulfides  gave  new  insoluble  polymer  bases  of  the  phosphonium 
(copolymer  3)  or  sulfonium  (copolymer  4)  type.  A comparative 
study  has  been  made  of  the  properties  of  the  ammonium,  phos- 
honium  and  sulfonium  bases. 
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From  copolymor  2 insoluble  complexones  containing  an  amino- 
triacetic  acid  group 

— GHa  — GH  — 


xy  GH2GOOH 

c'hj-nXhjCOOH.OH- 
\hsCOOH 

or  a P',  P",  P"'-triaminotriethylamine  group 
— GHa  — CH  — 


CHaCHaNHs 

CHa-N— CHaCHaNHa  OH- 

XnaCHaNHa 

have  been  obtained.  ^ 4.+  j -7  ++ 

The  instability  constants  of  the  Ni"^"^,  Cu  , Ca  and  Zn 
complexes  with  the  insoluble  polymeric  complexones  have  been 

determined. 


Resume 

‘ Pour  la  synthese  de  divers  polyelectrolytes  et  complexones 
insolubles  On  a etu'die  les  procedes  de  la  conversion  chimique 
des  copolymeres  de  styrolene  insolubles  (du  styrolene  avec  le 
divinylebenzene  et  diallylmal^ate)  et  des  copolymeres,  passant 
en  etdt  insoluble  an  cours  du  processus  de  synthese  (du  styrolene 
avecle  divinyle).  Par  la  substitution  des  atomes  de  chlore  dans 
ifes  copolymeres  chloromethyles  par  les  groupes  ionogeniques  des 
groupes  formant  des  complexes  on  a obtenu  de  nouveaux  ionites 
It  complexones  polymeriques.  La  chloromethylation  des  copoly- 
in eres  est  effectu6e  au  moyen  du  paraformaldehyde  et 
hydrogene  chlore  en  presence  de  chlorure  de  zinc  dans  le  milieu 
de  dichloroethane  (copolymere  1).  Le  degre  de  transformation 
deterniine  par  la  structure  du  copolymere  et  par  le  degre  de  son 
gohfiemeht  est  de  65  a 99  % : , 

Les  atomes  de  chlore  dans  le  copolymere  1 sont  complete- 
ment  suhstitu4s  par  les  groupes  amines  sous  1’ action  du  tn- 
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ethanol  amine  (copolymere  2).  Les  poly  electrolytes  formes  ay  ant 
la  basicite  2,6— 2,9  mg-eq./g,  possedent  les  proprietes  des  bases 
ammoniques  quaternaires.  Le  haut  degre  de  gonflement  des  copo- 
lymeres  2 a ete  utilise  pour  Tinvestigation  des  possibilites  de  la 
polymerisation  des  derives  de  vinyle  dans  un  copolymere  reti- 
culaire.  Moyennant  la  polymerisation  d’a-methylvinylepyridine 
dans  des  perles  du  copolymere  2 on  a obtenu  un  systeme  de  po- 
lymere  en  copolymere,  qui  est  insepare  par  Textraction  et  con- 
tient  jusqu'a  moins  30%  de  polymere.  La  basicite  de  ce  systeme 
atteint  a 5.1  mg  eq/g. 

En  substituant  du  chlore  en  copolymeres  1 aux  phosphines 
ou  aux  sulfides  on  a obtenu  de  nouvelles  bases  polymeriques 
insolubles,  qui  presentent  les  bases  insolubles  phosphoniques 
(copolymere  3)  ou  sulfoniques  (copolymere  4).  Une  comparaison 
des  proprietes  des  bases  polymeriques  ammoniques,  phosphoni- 
ques et  sulfoniques  a ete  faite. 

A partir  des  copolymeres  2 on  a obtenu  des  complexones 
polymeriques  qui  contiennent  les  groupes  d’acide  aminotri- 
acetique 

— CHa  — CH  — 

I 

■ CHaCOOH 

I / 

CHa  — N— CHaCOOH  OH" 

^CHaCOOH 

ou  les  groupes  de  P',  P",  P'"  — triaminotri  ethyl  amine; 

— CHa  — CH— . 


CHaCHaNHa 

+/  OH- 

CHa-N-CHaCHaNHa 

\ 

CHaCHaNHa 

Les  constantes  de  Tinstabilite  des  complexes  Cu++,  Ca'^'^^ 
avec  les  complexones  polymeriques  insolubles  ont  et4 
determinees. 
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THERMAL  STABILITY 

OF  STRONG  BASE  ANION  EXCHANGE  RESINS 

JJ^Lin  deman 
(Poland) 


Thermal  stability  of  several  strong  base  anion  exchange  re- 
sins industrial  and  self  synthetised  types  was  investigated  in 
aqueous  solutions.  Changes  in  nitrogen  content,  exchange  capa- 
city and  other  physico-chemical  properties  of  polystyrene  base 
anion  exchange  resins  Dowex  1,  SMX5,  SEX5  as  well  the  anion 
exchange  resin  LF  from  N-methyl-2,6-lutidine  have  been  deter- 
mined by  heating  the  sample  at  constant  temperatures  ranging 
from  75  to  120°  for  longer  periods  of  time  in  the  presence  of  uque- 
ouTmedi.  of  «rious  pH  values  (from  3 to  13).  The  content  of  free  ' 
hydroxyl  groups  in  the  reaction  product  was  taken  in  account 
as  the  degree  of  decomposition  but  not  a degradation. 

Highest  stability  is  exhibited  by  the  polystyrene  base  ion  ex- 
inge  resins  SMX5  and  Dowex  1 in  chloride  form.  Contrary  to 


change  resins  — . . n 

.producers -data,  the  thermal  stability  of  these  resins  in  alkaline 
media  at  temperatures  up  to  85  is  satisfactory.  The  kinetics 
decomposition  is  illustrated  by  the  diagrams,  aud  supposed  mecha- 
nism on  the  occuring  processes  are  formulated. 


Resume 


Une  stabilite  thermique  en  solutions  aqueuses  de  plusieurs 
resines  echangeuses  d ’anions  fortement  basiques,  type  industnel 
erseS-indSiel  est  etudiee.  An  chauffage  de  divers  echantil- 

lons  des. resines  de  polystyrolene  SM  X 5,  SE  X 5 ainsi  que  des 
resines  EF,  provenant  de  N-methyl-2,6-lutidine,  a temperature 
Lnstante  de  72  a 120°  durant  une  longue  p^riode  en  milieu  aqueus 
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avec  les  differeutes  valeurs  de  pH  (de  3 a 13)  on  a determine  le 
changement  de  la  teneur  en  azote,  de  la  capacite  echangeuse  et 
d autres  proprietds  physicochimiques.  La  teneur  en  groupes 
hydroxyles  des  produits  de  reaction  etait  consideree  comme  le 
degre  de  decomposition  mais  non  comme  celui  de  destruction.  Une 
stabilite  la  plus  forte  a etemontree  par  les  resines  polystyroleniques 
SM  X 5 et  Dowex  1 sous  forme  de  chlorure.  En  depit  des  donnees 
des  producteurs  la  stabilite  thermique  de  ces  resines  en  milieu 
alcalin  est  satisfaisante  jusqu’a  la  temperature  de  85°.  La  cind- 
tique  de  decomposition  est  illustree  par  une  diagramme.  Un 
mecanisme  des  proc^dds  est  formule. 


A B T o p e <J>  e p a T 

Hccjie^OBaHa  TepMuuecKaH  ycxonquBOCTB  b boahmx  pacxBopax 
neCKOJIBKHX  CHJIBHO  OCHOBHBIX  aHHOHOoSMeHHBIX  CMOJI  npOMBim- 

Jiennoro  n nojiynpoMHmjiennoro  xnna.  Ilpn  HarpesaHHH  pasjiHu- 
HHX  odpaaoB  nojiHcxnpojiBHBix  cmoji  SM  X 5,  SE  X 5,  a xanme 
CMOJI  EF  H3  N-MeTHJi-2,6-jiyTHflHHa  npn  nocxoHHHon  xeMnepaxype 
B npeflejiax  75 — 120°  b Teuenne  fljiHxejiBHorc)  BpeMenn  b boshoh 
cpeAe  c paajraqHBiMH  BejiHunnaMH  pH  ( ox  3 flo  13)  6hjio  onpefle- 
jieno  HSMeneHne  cojijepjKaHHfl  asoxa,  oOmchhoh  cmkocxh  h )^pymx 

^HSHKO-XHMHHeCKHX  CBOHCIB.  CoflepjKaHHO  mflpOKCHJIBHHX  TpyUH 

B npoAyKxax  peaKpnH  yunxBiBajiocB  Kan  cxeneHB.  paajiomenHH, 
HO  He  flecxpyKqHH.  HaH6ojiBmyio  yciOHHHBOcxB  npoaoHJiH  hojih- 
CTHpojiBHHe  CMOjiH  SM  X 5 H Dowex  1 B BHfle  xnopHfla.  BonpeKH 
flaHHHM  HsroxoBHxejiefi,  TepMauecKan  ycxomraBOciB  axHX  cmoji 
B iqejioqHOH  cpefle  yfflOBJiexBopHxejiBHa  bhjioxb  flo  xeMneparypH 
85  . KHHexHKa  paaJiojKeHHH  njunocxpupyexcH  flHarpaMMofl.  C(3[)op- 
MyjiHpoBaH  MexaHHSM  npoqeccoB. 


10* 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 

25X1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


PA^HAI^HOUHLIH  METOfl 
CO^OJIHMEPH3A^HH  AKPHJIOHHTPHJIA 
C nOJIHCTHPOJIOM  H nEPXJTOPBHHHJIOM 

X.y.ycManoG^  y*  H,  M y c a e 6,  P.  C,  T ti  a ,/ia  e o 

(CCCP) 


3a  nocjieAHHe  toah  paapaSoTanti  Hosbie  mbtoah  noJiy^eniiH 
UpHBHTMX  H 6jIOK-COnOJIHMepOB,  OCHOBaHHHe  Ha  BSaHMOAeHCTBHH 
BHCOKOMOJieKyJIHpHHX  COeAHHeHHH  Apyr  C ApyrOM  HJIH  nOJIHMepa 
c MOHOMepoM.  9th  conojiHMepH  He  tojibko  conexaioT  CBOHCTBa  kom- 

HOHeHTOB,  Hcnojib30BaHHBix  HpH  peaKAHH,  HO  H npHoSpcTaiOT  HO- 

BHe  KanecTBa  [1—3], 

KaprHHHM  H APyrHMH  COBeTCKHMH  yneHblMH  MexaHHHeCKOH 
o6pa6oTKOH  CHHTeTH^ecKoro  KaynyKa  c (J)eHOJi(J)opMajii>AerHAHOH 
CMOJioH  nojiynen  paA  SjiOK-conojiHMepoB  [4],  MexannaM  o6pa30Ba- 
HHH  6jiok-  h npHBHTHX  HOJiHMepoB  HpH  MexaHHHecKOH  o6pa6oTKe 
BepjiHH  o6T»acHaeT  o6pa30BaHHeM  aKTHBHHx  AeHxpoB  hjih  cbo- 
60AHI1IX  paAHKajioB,  HHHAHHpyioiAHx  peaKAHio  [5],  KaprHHbiM, 
YcMaHOBHM  H AixoAJKaeBHM  HOJiyaeHH  npHSHTtie  conojiHMepBi 
:Ha  ocHOBe  n;ejijiK)ji03H,  aepes  ee  nepeKHCHue  coeAHHenna  [6]. 
XIojiyneH  TaKa^e  hphbhtbih  conoaHMep  Ha  ochobg  noJiHCTHpojia  h 
ilKpHJIOBOH  KHCJIOTH  [7]. 

B 6ojiee  hobahhx  paSoxax  onHCUBaiOTca  cnoco6H  hphbhtoh 
•conojiHMepHsaAHH  hoa  AeHCXBHeM  HOHH3Hpyioni,HX  H3JiyaeHHH  [8, 
9],  Cynj,ecTByeT  HecKOJitKO  BapnanTOB  oSayaenna  ajih  CHHxeaa 
HpHBHTHX  COnOJIHMepOB  [10— 13].  IIOA  A^HCXBHeM  HOHH3HpyiOni;HX 
H3JiyaeHHH  nojiyaeHH  npHBHXHe  conojiHMepH  noJiHaxHJiena  c 
.aKpnaoHHxpHJiOM  c MexHJiMexaKpHJiaxoM  [14].  HaMH  Oua  nojiyaen 
npHBHTHH  conoaHMep  naxypaaBHoro  KayayKa  c xaopncTBiM  bh- 
HHaoM  [15].  IIpHBHBKa  xaopHCToro  BHHHaa  Ha  HaxypaaBHHH 
KayayK  yayamaex  ero  MexaHnaecKHe  h aaeKTpoHBoaaAHOHHLie 
•CBOHCTBa  H HOBBimaex  ycTOHHHBOCTB  K AGHCTBHio  opxaHHaecKHx 
pacTBopHxeaeH. 

B AaHHOH  pa6oxe  npHBeACHH  pesyaBxaxH  HCcaeAOsaHHH  no 
HoayaeHHK)  npHBHxkx  conoaHMepos  b CHCxeMax  noancTHpoa  — 
aKpHaoHHTpna  h nepxaopBHHna  — aKpnaoHHxpHa. 
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npiiBUTbie  conojiHMepw  nojiHcxiipojia  c aKpHjioHHxpHjioM 

^jiH  noJiyHeHHfl  hphbhthx  conojiHMepoB  noJiiiCTHpoJia  Ha6yx- 
vxnyio  B aKpHJiOHHxpHJie  njieHKy  nojincTiapojia  nofl,BeprajiH 
*CTBHK)  fli030H  1—4,6*10®. 

B pesyjiBTaxe  oOjiyneHHH  h3  nojiHCTnpojia  o6pa3yioTCfl  MaKpo- 
pafl;HKaJiH,  iiHHiiiHHpylomHe  npHBHxyH)  nojiHMepH3aD;Hio  aKpnjio- 
HiixpHJia.  HapHAy  c npHBHXHM  conojiHMGpoM  o6pa3yeTCH  roMono- 
jiHMep  H ocxaeTCfl  iieKOxopoe  kojihhgctbo  hg  npopGariipoBaBmGro 
.noJiHCTHpojia.  fljiH  pa3Ae«fieHHH  nojiy^iGHHOH  cmgch  njiGHKy  noA- 
BGpraJiH  xojioahoh  3KCTpaKii;HH  CHanana  6gh30jiom  a-^h  pacTBopo- 
HHH  OCXaTKa  nOJIHCTHpOJia,  a aaXGM  AHMGTHJI(J)OpMaMHAOM  (^MC>) 
.AM  paCTBOpGHHH  HOJIHaKpHJIOHHTpHJia  (Ta6jl.  1). 

T a 6 Ji  im  a 1 


PeayjibTaxbi  BKCTpaKumi  oojiyyeuHoii  b cpe^e  anpiuiOHHTpHJia  nacmai 

noancTHppaa 


■Jloaa  oQJiy- 

HeHHfl, 

10« 

rpenrmen 

npHBeC,  % OT 
HCxoAHoro  Be- 
ca  nojiHCTiipo- 
jia 

KOJIHHeCTBO 

Henpopeanipo- 
BaBmero  nojiii- 
CTBpojia  II  ro- 
MonojiHMepa 
aKpuaoHHTpH- 
Jia  nocjie  o6- ; 

jiyqeHHH,  % ; 

npiIBIlTtlii  co- 
riojiHMep  B 
rjjieHKC,  % 

CoflepiKaHiie 
aaoTa  b coiro' 
jiHMepe,  % 

HlICJlO  BBeHBeB 

nojiHaKpujio- 

HlITpilJia  B CO- 
noJiiiMCpe* 
npHxojiaiaeeca 
Ha  100  BBCHbeB 
HOJIHCXHpOJia 

1,0 

22,50 

100,0 

0 

0 

0 

:2,o 

56,10 

78,4 

21,6 

12,15 

170 

3,0 

64,06 

54,9 

45,1 

13,50 

200 

4,6 

149,0 

3,6 

96,4 

16,00 

300 

Hs  Ta6jl.  1 BHAHO,  HTO  C nOBHniGHHGM  A03LI.  oOjiy^GHHH  B HC- 
'CJIGAOBaHHOM  A^anasOHe  A03>  npHBGC  HCXOAHOH  IIJIGHKH  yBGJIHTO- 

BaexcH,  a kojiotgctbo  roMonojiHMGpoB  yMGHBinaGTCH.  CoAepjKaHHG 
.npHBHToro  nojiHMGpa  b npoAGHxax  ox  BGca  npoAyKxa,  noJiyHGH- 
Horo  nOCJIG  o6jiyHGHHH,  yBGJIHTOSaGXCH  C yBGJIH^GHHGM  A03H  B HH- 
xepBajiG  OT  21,6  ao  96,4%.  Kan  noKasuBaGx  anajina,  conojiHMGp, 
noJiyHGHHMH  npH  oSjiy^GHHH  A030H  1 *10®  jy,  HG  coAepH^Hx  asoxa; 

CJIGAOBaXGJIbHO,  HpH  3X0H  A03G  HpHBHBKa  aKpHJIOHHXpHJia  K HOJIH- 
cxHpojiy  HG  HpoHsoniJia.  OcxajibHUG  o6pa3AH  conojiHMGpOB  co- 
Aep>Kax  aaox,  hxo  yKasHsaGX  Ha  oSpaaoBaHHG  npHBHxoro  cohojih- 
MGpa.  Hs  pGsyjibxaxoB  anajiHsoB  6hjio  bhhhcjigho  cooxhohighhg 

MGJKAy  CXHpOJIOM  H aKpHJIOHHXpHJia  B HpHBHTHX  COHOJIHMGpaX. 
KaK  bhaho  H3  xa6ji.  1,  npH  aosg  2*10®  p oAsoMy  3B6Hy  hojihcxh- 
pojia  cooxBGxcxByGX  A^a  3BGHa  aKpHJioHHxpnjia. 

./l^ajiGG  6ijjia  HCCJiGAOBana  pacxBOpHMOCXb  npHBHxtix  cohojih- 
JVIGpOB.  npHBHXMG  COHOJIHMGpH  HOJIHCXHpOJia  HG  paCXBOpHJIHCb  HH 
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B OAHOM  H3  B3HTLIX  pacTBopHTejiHX  (Ta6ji.  2),  npii  TGMnepa- 

Type  KHneHHH,  b TeneHHe  24—36  ^ac.  B neKOxopLix  pacTBopiiTe- 
jiHX  Ha6jiK)AaJipcB  orpaHH^ennoe  Ha6yxaHHe  o6pa3n;oB. 


T a 5 Ji  H A a 2 

PaCTBOpHMOCTb  npMBHTbiX  COnOJIBMepOB  nOJIHCTHpOJia 
B pasjiH'iHbix  paCTBOpHTeaax 


PaCTBOpHTeJIb 

XcMnepa* 
Typa  00-  I 
paOoTOH, 

®C 

PeayjibxaTLi 

BeH3iiJiOBLiH  cniipT 

205,2 

He  pacTBOpaexcH 

AaeTO^eHOH 

202,0 

» » 

Xjiop6eH30Ji 

123,6 

» » 

MypaiBLHHaa  KiicJiOTa  .... 

100,7 

» » 

Bensoji 

80,2 

» » 

MexjiJiOBbiH  cniipT 

64,7 

» » 

HHXJiopaxaH^  

57,3  • 

» » 

AaoTHaa  KHCjioTa 

25,0 

CjiaCo  iiaOyxaex 

CepHaa  KiicJiOTa 

100,0 

HaOyxaex 

EaKOG  KaJIH,  KOHAGHTpirpOBaH- 

» 

HblH  paCTBOp 

100,0 

XjIOpO^OpM 

61,2' 

» 

r|,M0 . 

163,0 

CiiJibHO  HaOyxaex 

KaK  H3BecTHO,  noJiHCTiipoji  xopomo  pacTBopaeica  b 5eH30Jie,- 
^MO  H B Apyrax  pacTBopaTejiax.  MexaHaaecKiie  cmgch  nojiii- 
CTHpoJia  c nojiHaKpHJioHHTpHJioM,  a TaK>Ke  o6jiyaeHHoro  hojihcth- 
pojia  H , nojiHaKpHJiOHHTpiiJia  xopomo  pacTBopaJincb  b 
npHHHHOH  HepaCTBOpHMOCTH  npHBHTBIX  COHOJIKMepOB  nOJIIICTHpoaa, 
no-BHAHMOMy,  aBJiaeTcanoBBimeHHe  jKecTKOCTu  ii;enn  nojiiicxHpoJia  b. 
peayjiBxaxe  BBeAenna  b MOJieKyjiy  nojiHMepHHX  rpynn  aKpnjio- 
HHXpHJia  H oSpasoBanne  hoblix  nonepeaHBix  CBasen  b npiiBHXBix. 
conojiHMepax  npn  o6jiyaeHHH. 

B CBoeii  paSoxe  Ko3jiob  h aP-  [7]  o6x>acHaiox  noHiuKeniie  pac- 
XBOpHMOCTH  HOJIHCXHpOJia  npH  npHBHBKe  K HGMy  aKpHJIOBOH  KHC- 
jioxLi  B3aHMH09KpaHHpyion],HM  AeiicxBne  KOMnoHenxoB. 

HccjieAOBaHHa  xepMOMexaHiiaecKHx  cbohcxb  npoiiBBOAHjiii  na 
AHHaMOMexpnaecKHX  Becax  Kaprana  ii  Coxojioboh  [16].  HsMepe- 
HHe  np0H3B0AHJiH  HpH  HOCxoaHHOM  rpysG,  yAejiBHaa  narpysKa 
cocxaBjiHJia  1,4  kF/cm^.  FlepacxBopHMLie  o6pa3i].Li  6bijih  iismgjib- 
BGHLi  H sanpeccoBaHBi  npn  HarpeBaHHH  b bhag  Ta6jiexoK  xoji- 
lAHHOH  3—4  MM  H AHaMGXpOM  5 MM.  TepMOMGXaHnHeCKHe  KpHELIG’ 
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o6pa3u,OB  npHBeAeHH  na  pnc.  1.  Kan  bh^ho  h3  piic.  1,  a KpHBLie 
npHBHTHX  COnOJIHMepOB  He  CXOAHH  C KpHBOH  nOJIHCTHpOJia.  TeM- 
iHepaxypH  nepexoAOB  jien^aT  npn  6ojiee  bbicokhx  TeMnepaxypax, 


fSO  2W  2^0  270  300 


lie.  . TepMOMexainiHecKiie 
KpIIBUe 

a:  i — noJiHCTiipOJi,  2,  3,4  — npUBiiTue 
conoJiHMepw  nojiiiCTHpoJia,  nojiy^iCHHue, 
cooTBeTCTBeHHo,  iipii  J1.03C  oCnyneHHfl  2,3 
H 4-10*  p 

6:  1 — nepxjiopBiiEiHji,  2,  5— npH- 

BHTbie  conojiHMepu,  noJiy^CHHbie,  coot 
BeTCTBCHHO,  npii  2,3,  6 h^7‘10®  p. 

HGM  y nojiHCTHpojia.  9th  $aKTH  ein,e  pa3  noATBepn^^iiaioT  o6pa30- 
Banne  npHBHxtix  conojiHMepoB  npH  oGjiynenHii  nojiHCTupoJia  b 
ope^e  aKpHJioHHTpHJie. 

npHBHTbie  COnOJIHMepM  nepXJIOpBHHHJia  C aKpiIJIOHMTpUJIOIVl 

HOJiyHeHHH  npiIBHTBIX  COHOJIHMepOB  Ha  OCHOBe  nepxjiop- 
BHHHJia  (xJIOpnpOBaHHBIH  nOJIHBHHHJIXJIOpHAt  COAep>KaiIl,HH  62,3% 
xjiopa)  H aKpnjiOHHTpHJia  nocxynajiH  cjieAyiomHM  o6pa30M:  o6jiy- 

173 


w 60  90  m m 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


TOHHyK)  njieHKy  nepxjiopBHHHJia  (b  npHcyTCTBHH  BOSAyxa)  o6pa- 
6aTHBajiH]  aKpHJiOHHTpnjiOM.  IIpH  o6jiyneHHH  B MOjieKyjie  nep- 
xjiopBHHHJia  o6pa3yiOTCH  aKTHBHHG  njeHTpiJ,  KOTopue  npH  Harpe- 
BaHHH  B aKpHJIOHHTpHJie  HHHH;HHpyH3T  nOJIHMepH3ai^HIO  nocjieji;- 
Hero. 

IlepxjropBHHHJi  oSjiy^ajiH  AOsaMH  ot  1 7i;o  7 *10®  oSjiy^eHHLie- 
njieHKH  HarpeBajiH  b aKpnjioHHTpnjie  npn  ero  xeMnepaiype  Knne- 
HHH.  nojiyneHHHe  o6pa3ii;ij:  cymnjiH  h,  nocjie  yji;ajieHHH  aKpHJio* 
HHTpHJia,  B HHX  onpeAejiHJTH  coAep?KaHHe  asoia.  PesyjiBTaTti  ana- 
jin3a  npHBe/^eHBi  b Ta6ji,  3. 

Ta6jiHn;a  3 


CoAepH^anne  aaoxa  b npHBnTwx  conojiniwepax 
nepxjiopBiiHHJia 


flosa 
oOJiy^e- 
HHH,  10“*p 

CoflepwaHne  • 
asoTa 
% 

CojiepwaHiie 

aKpHJIOHHTpH- 
Jia,  % 

. 

' 

1,0 

0,81 

2,9 

2,0 

0,88 

3,4 

3,0 

1,20 

4,7 

4,0 

. 1,75 

6,7 

5,0 

1,65, 

6,2 

6,0 

0,93’ 

3,6 

7,0. 

0,69  ' 

2,5 

IlpHcyTCTBHe  BO  Bcex  o6pa3ii;ax  asoxa  CBH;i,exejibcxByex  oG 
o6pa30BaHHH  npHBHXoro  conojiHMepa.  HnaKoe  coffepncaHHH  aK- 

pHJIOHHXpHJia  MOJKHO,  HO-BH^^HMOMy,  oSbHCHHXB  HH3K0H  aKXHB- 

HocxBH)  nepxjiopBHHHJia  H HHrHSnpyiomHM  AetcxBHeM  khcjio- 
poffa. 

TepMOMexaHHHecKHe  KpHBtie  npHBefleHH  Ha  pHC.  1,  6.  HajiHHne* 
MHHHMyMa  Ha  KpHBHX  MO>KHO  o6x>HCHHXI>  XGM,  HXO  Hpil  XGMnepa- 
xypax  nepexo^a  noJiHMepa  b xeKynee  cocxoHHHe  h3  Hero 
jiHioxcH  rasH. 
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Summary 

With  the  objective  of  obtaining  polymers  with  new,  valuable* 
properties  in  recent  years  considerable  importance  has  been  at- 
tached to  the  synthesis  of  graft  and  block  copolymers.  Such 
copolymers  combine  the  properties  of  their  polymeric  constituents. 

In  order  to  form  graft  and  block  copolymers  it  is  necessary 
that  the  starting  material  possess  active  centers,  which  may  be 
groups,  capable  of  forming  free  radicals.  To  carry  out  a graft  or 
block  copolymerization  various  chemical  and  physical  methods 
yielding  polymeric  free  radicals  are  employed.  One  of  the  new 
methods  of  synthesizing  graft  and  block  polymers  is  the  radiation 
method. 

In  the  present  work  the  results  of  experiments  on  the  forma- 
tion of  graft  polystyrene  and  perchlorovinyl  polymers  with  ac- 
rylonitrile by  the  action  of  gamma  rays  are  presented.  Co®^  served 
as  radiation  source.  The  reaction  was  carried  out  by  subjecting  a. 
swollen  polystyrene  film  in  acrylonitrile  to  doses  of  1 •10^—4-10®  r. 
The  resultant  product  was  separated  from  the  homopolymer  by 
extraction.  As  the  results  obtained  have  shown,  the  percentage 
of  grafting  over  the  range  studied  increases  with  increasing  ra- 
diation dose.  The  monomer  unit  to  polymer  ratio  has  been  cal- 
culated from  data  on  the  nitrogen  content. 

Also  a graft  polymer  of  perchlorovinyl  and  acrylonitrile  was 
obtained  by  preliminary  irradiation  of  perchlorovinyl  in  the 
presence  of  air. 

The  thermomechanical  properties  of  the  resultant  polymers 
were  investigated.  The  results  showed  that  graft  polymers  of 
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polystyrene  and  perchlorovinyl  possess  greater  thermal  stability 
^than  the  initial  polymers. 

In  the  study  the  radiation  polymerization  of  acrylonitrile 
vAvas  also  carried  out  and  the  viscosity  was  measured  of  poly- 
;acrylonitrile  solutions. 

Resume 

^ Dans  le  but  d’obtenir  les  polymeres,  possedant  de  nouvelles 
proprietes  precieuses,  les  dernieres  annees  la  synthese  de  nou- 
velles especes  des  copolymeres  greffes  et  des  polymeres  en  bloc 
recoit  une  grande  importance.  Ces  copolymeres  possedent  le 
'Complexe  des  proprietes  de  leur  constituants. 

Pour  obtenir  les  copolymeres  greffes  et  copolymeres  en  bloc 
il  est  necessaire  que  le  polymere  initial  ait  les  centres  actifs  qui 
peuvent  etre  present es  par  les  groupements,  capables  dh  former 
les  radicaux  fibres.  Pour  la  realisation  des  copolymerisations 
rgreffees  et  en  bloc  on  applique  diverses  methodes  chimiques  et 
physiques,  aboutissant  a Pobtention  des  radicaux  polymeriques 
libres.  La  methode  de  radiation  est  Pune  des  nouvelles  methodes 
de  Pobtention  des  polymeres  greffes  et  en  bloc. 

Dans  ce  travail  sont  cites  les  resultats  de  Pobtention  des 
polymeres  greffes  de  polystyrolene  et  le  chlorure  de  polyvinyle 
chlore  avec  P acrylonitrile  sous  Paction  d ’irradiation- t.  Le 
role  de  source  d ’irradiation  etait  joue  par  Co®®.  Pour  Pexecution 
<le  copolymerisation  le  film  gonfle  de  polystyrolene  dans  Pacrylo- 
nitrile  etait  soumis  a Pirradiation  par  doses  1.10® — 4.10®  R. 
On  separait  le  produit  obtenu  des  homopolymeres  par  Pextrac- 
tion.  Les  donnees  obtenues  montrent  que  le  pourcent  du  greffage 
■dans  le  diapason  etudie  augmente  avec  la  dose  d ’irradiation. 
D’apres  les  resultats  d ’analyse  pour  Pazote  on  calculait  le  rap- 
port des  motifs  du  monomere  aux  polymeres. 

Plus  loin  on  a obtenu  le  polymere  greffe  du  chlorure  de  poly- 
vinyle’chlore  avec  P acrylonitrile;  dansce  but  le  chlorure  de  poly- 
vinyle chlore  etait  d’abord  soumis  a Pirradiation  en  presence 
d’air.  Apres  Pirradiation  on  traitait  le  polymer  par  P acrylo- 
nitrile a chauffe. 

Les  proprietes  thermomecaniques  des  polymeres  obtenus  ont 
ete  etudiees.  Les  resultats  d’ etude  montrent  que  les  polymeres 
greffes  du  polystyrolene  et  du  chlorure  de  polyvinyle  chlore 
■ont  une  resistance  thermique  plus  haute  que  celle  des  polymeres 
initiaux. 

Dans  ce  travail  on  a aussi  execute  la  polymerisation  de  ra- 
diation de  P acrylonitrile  et  mesure  la  viscosite  des  solutions  du 
polyacrylonitrile. 
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OKCH3THJIHPOBAHHE  KAPBOI^EnHtlX 
H rETEPOD,EnHbIX  nOJIHAMHflOB 

C.  P-  P a (fiuKO  6,  r.H.y:  eJiMOKoea^  H,  y p a o 6 ay 

II.  H.  P jj  u 6 no  6 a 

(CCCP) 


Kap6ori;enHHe  h rexepoi^enHHe  nojinaMHALi  hbjihiotch  BecbMa 
peaKU,H0HH0-Cn0C06HBIMH  COeAHHeHHHMH  H Moryx  6bitl  ^obojibho 
jierKO  npeBpameHBi  b pasJiHHHBie  nojiHMepaHajiorHnecKiie  coe;i,H- 
HeHHH,  B TOM  HHCJIB  C npHBHTHMH  6OKOBHMH  U,enHMH.  TbK,  reTCpO-. 
i],enHBie  nojiHaMH^Bi  npn  peaKn,HH  c (j)opMa:jiBAerHAOM  b npHcyx- 
ctbhh  khcjiotbi  hjih  ocHOBaHHH,  HJiH  B npHcyxcTBHH  cnupxa  H 
MepKanxaHOB  jierKO  oSpasyiox  cooxBexcxBeHHO  N-MexHJiojiBHHe-, 
N-ajiKOKCHMexHJi-  H N-ajiKHJixHOMexHJinpoHSBOAHBie  [1].  ripn  pe- 
aKn.HH  c OKHCBK)  axHJieHa  oSpaayiOTCH  npHBHXBie  N-okchbthjih- 
poBaHHHe  npoHBBOAHBie  rexepoi^enHBix  nojinaMHAOB  [2]. 

Kap6oii;enHBie  nojiHaMH^Br  (nanpHMep,  nojinaKpHJiaMHA  h era 
roMOJiorH)  cnoco6HBi  KO  Been  peaKii,HHM  aMHAHon  rpynnBi.  Tan, 
onneaHH  xaKHe  nojiHMep-anaJiorHHecKHe  peaKii,HH  nojinaKpra- 
aMHAa  >h:  ero  roMOJioroB,  KaK  OMBUienne,  HMHAH3an,iiH,  peaKAHH 
c (|)opMajiBAerHAOM,  peaKAHH  c ^opMaJiBAerHAOM  h cojibio  cep- 

HHCTOH  KHCJIOTBI,  peaKI^HH  C THnOXJIOpHTOM  HaxpHH  (poaKAHH 
Fo^Mana),  peaKAiia  c anrHApnAaMH  Kap6oHOBBix  khcjiot  h 
T.  A.  [3]. 

HaMH  HccjieAOBajiHCb  saKOHOMepHoexH  peaKAHH  okch9tiijih- 
poBaHHH  HeKOTopBix  rexepoAeHHHX  h Kap6oii;enHBix  nojiiiaMiiAOB 
pa3JIHHHOrO  CXpoeHHH  H SaBHCHMOCTB  (j[)H3HKO-XHMHHeCKHX  H MBXa- 
HHHeCKHX  CBOHCTB  OT  COAepJKaHHH  3THJieH0KCHAHHX  3BeHBeB, 

PeaKAHH  OKCH3THJiHpoBaHHH  HsyHaJiacb,  B OCHOBHOM,  B rexepo- 
reHHBix  ycjiOBHHX.  B KanecxBe  hcxoahbix  reTepoii;enHHX  nojinaMH- 
AOB  6hJIH  B3HTBI  nJIBHKH  H HOpOlHOK  H3  HOJiHKanpojiaKxaMa,  njien-. 

KH  H3  CMeniaHHoro  nojinaMHAa  «aHHAa  r-669»,  bojiokhb  (opn- 
eHxnpOBaHHBie  ii  HeopneHXHpoBaHHBie)  113  nojiHKanpojiaKxaMa 
(Kanpon),  nojiHreKcaMexHJieHaAHHHHaMHAa  (anHA),  nojiiiaMiiAa  113 
THOAHBajiepnaHOBOH  khcjioth  h reKcaMexHJienAHaMHHa. 
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Bhjih  nojiy^eHH  OKCH3THJiHpoBaHHLie  nojiHaMHflH,  co^epjKamiie 

OT  5 AO  54%  nojiHBTHJieHOKCHAa. 

nOJiyneKHK)  nOJIHOKCHSTMHpOBaHHBIX  nOJIHaMHAOB  C SoJIbmHM 

coAepH^aHHeM  nojiHaxnjieHOKCHAa  cnocoGciByex  npHMeHeHiie  6ojib- 
mero  H36bixKa  okhch  axmiena. 

FexeporeHHaa  peaKAHa  nojiHOKCHBXHJinpoBaHHa  nojiiiaMiiAHbix 
naeHOK  npoxeKaex  ae  xojibko  na  noBepxHOcxn,  ho  h bo  bcoh  Macce 
naeHKH,  o hom  CBHAexeJibCXByex  paBHOMepiiaa  naSyxaeMOCXb,  a b 
HOKOxopHx  cjiyaaax  h nojinaa  pacxBopnMOcxb  hjighok  nocjie  pe- 
bkahh;  oahbko  Ha  noBopxHOcxH  hjighkh  cxenenb  OKcnaxiiJiiipOBa- 
HHH  6ojibrae,  HGM  BHyxpn  hjighkh.  06  axoM  CBHAOxejibcxByex  xot 
(j[)aKx,  Hxo  ropaaaa  BOAa  BbiMHBaex  iis  hjighok  OKciiaxHJiiipoBaHHbiii 
npoAyKx  CO  anaHHXGJibHO  66jibmHM  coAep>KaHHGM  nojinaxiiJiGHOKcii- 
Aa,  HGM  B CaMOH  HJIGHKG.  TaK  HanpHMGp,  GCJIH  B HOJIHOKCIiaXIlJlH- 

poBaHHOH  HJIGHKG  coAopjKHxca  5,67%  aaoxa  (54,2%  nojiiiaxiijiGH- 
OKCHAa),xo  B ocxaxKG,  HOJiyaGHHOM  H3  BOAHoro  aKcxpaKxa,  coAcp- 
>KaHHG  a3oxa  cocxaBJiaGx  1,46%  (88,2%  nojiHaxHJiGHOKcnAa). 

B npOAGCCG  OKCHaXHJIHpOBaHHa  HOJinaMHAOB  M05KGX  npOHCXO- 
AHTb  o6pa30BaHPIG  HGKOXOpOrO  HHCJia  HOHGpGHHblX  CBaSGH,  6jia- 
roAapa  HGMy  nojinaMHAH  aacxHHHO  xGpaiox  pacxBopHMOCXb,  OaGiib. 
CHJIbHOG  Ha6yXaHHG  xaKHX  HJIGHOK  B KpG30JIG  (aO  6000%)  CBH- 
AeXGJIbCXByGX  O HG6oJIbmOM  HHCJIG  HOHGpGHHblX  CBHSGH.  IIpH  o6pa- 
6OXKG  KOHAGHXpnpOBaHHOH  lAGJIOHbK)  H rOpHHGH  yKCyCHOH  KHCJIO- 
XOH  HOHGpGaHbiG  CBHSH  paspymaioxca  ii  nojiHMGpbi  npiioSpcxaioT- 
paCXBOpHMOCXb.  BblJIO  ^HOKaaaHO,  axo  06pa30BaHHG  nOHGpGHHblX 
CBa36H  npoHCXOAHX  BCJIGACXBH6  B3aHMOAeHCXBHa  KOHAGBHX  Kap- 
OoKCHJibHHX  rpynn  c XHApoKCHJibHbiMH  rpynnaMH  6oKOBbix  hojih- 
aXHJIGHOKCHAHbIX  AGHGH  COCGAHHX  MaKpOMOJIGKyJI, 

npH  HOJIHOKCHaXHJIHpOBaHHH  HOJIHaMHAOB,  HMGIOIAHX  KOHAGBLIG 
KapOoKCHJibHHG  rpyHHbi,  BO  BCGX  cjiyaaax  nojiyaajiH  xpGXMGpHbiG 
nOJIHMGpU,  B XO  BpGMa  KBK  HanpHMGp  Hpil  HOJIHOKCHaXHJIHpOBa- 
HHH  HOJiHKanpojiaKxaMa,  noaxH  hg  coAGpa^aiAGro  kohagbhx  Kap- 
6oKCHj[bHbix  rpynn,  6biJi  nojiyacH  npuBHXbin  nojiHKanpojiaKxaM,. 
HG  COAep>KaiAHH  nOHGpGHHHX  CBHSGH,  XOpOfflO  paCXBOpHMLIH  B 
KPG30JIG  H B aXHJIOBOM  CHHpXG.  AnaJIOrHaHLIM  o6pa30M,  npH  OKCH- 
aXHJIHpOBBHHH  HJIGHOK  H3  CMGHiaHHOrO  HOJIHaMHAa,  HG  COAOpJKa- 
lAGro  KOHAGBiix  Kap6oKCHJibHHx  rpyHH,  6biji  HOJiyaGH  npoAyKx,, 
nOJIHOCXbH)  paCXBOpHMblH  B KpG30J[G,  CHHpXG  H B rOpaHGH  BOAO.  Ha 
ocHOBaiiHH  AaHHbix  o npHBGCG  OKHCH  axHJiGHa,  coAGpjKaHHH  asoxa  n- 
AaHHHx  anajiHsa  no  MGxoAy  Moprana  Ohjih  paccaiixanbi  cxGHGHb. 
HOJIHMGpH3an;HH  nOJtnaXHJIGHOKCHAHblX  AGHGH  H CXGHGHb  3aMGIAG“ 
HHa  NH  rpynn.  OKasajiocb,  axo  6oKOBbiG  aghh  hmgiox  MCHbinyio 
AJiHHy  B XOM  cJiyaaG,  KorAa  b pcaKAHH  npHMGHaJiH  Oojibinoii  h3- 
6hxok  okhch  axHJiGHa  hjih  gcjih  b pcaKAHOHnyio  cpGAy  6biJi  Ao6aB- 
jiGH  MGxaHOJT,  X.  G.  B XGX  cjiyaaax,  KorAa  JiyamGG  Ha6yxaHHG  no- 
JiiiaMHAHbix;  HJIGHOK  npiiSjuKKajio  ycjiOBHa  pgbkahh  k roMorcH-^ 
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:^LiM.  CTeneHb  nojiiiMepHsai^HH  nojiHaTHJieHOKCHflHtix  i^eneii  b 
nojiy^eHHBix  npHBHTbix  npo^yKTax  KOJieSajiacb  ot  4 ao  13. 

BseAenHe  b reTepou,enHMe  nojiHaMHAti  nojiHBXHJieHOKCHAa  b bh- 
• Ae  SoKOBHX  Aeneii  HeanaHHTeJibHO  HaMeHnex  KpiicxaAJiHHHOCxb 
nojinaMHAOB.  CsoHCXBa,  CBHsaHHbie  c naJiHTOeM  b nojiHiviepe  Kpn- 
cxajiJiH^ecKHX  o6jiacxeH  (x.  nJiaBJienHH,  MexaHH^ecKiie  CBOiicxBa) 
H3MeHHK)XCH  B HOJIHaMHAaX  npH  nOJIHOKCH3XHJIHpOBaHHH  XBK  JKC 
HeanaHiiTejibHO  h xgm  MeHbme,  nen  MeHbnie  (b  moji.  %)  KOJinqecxBO 
BBeAeHHOro  nojinaxHJieHOKCHAa  (npii  oahhx  h xex  bgcobhx  npo- 
Henxax),  b cooxBexcxBim  c xeopiieii  Ojiopii,  npeAJiOH^eHHOii  hm  aJih 
conojiHMepoB  [4[. 

C Apyroii  cxopoHbi,  pflA  cbohcxb  c BBeAenneM  b noraaMiiAbi 
nojiiiaxHJieHOKCHAa  ana^HxejibHO  HaMenHexca.  Tan,  cxenenb  na- 

6yxaHHfl  OKCHBXHJIHpOBaHHOH  KanpOHOBOH  nJIGHKH,  COAepJKameH 

50%[okhch  axHJieHa,  b 40  paa  6ojibme  cxeneHH  naSyxaHHH  hcxoahoh 
ha^hkh.  Cxenenb  Ha6yxaHHH  b BOAe  yBeJiiiMHBaexcH  c yBeanae- 
HneM  cxeneHH  OKCHaxHJtiipoBaHHH.  PaBHOBecHaa  rHApo(j)HJibHOCTb 
‘(iiaMepeHnaa  npn  65%-hoh  oxHOCHxejibHoii  BJiajKHOCxn)  ajih  axoro 
'yKC  o6paaii,a  BABoe  Bbime,  aen  ajih  hcxoahoh  njienKH. 

SjiacxHHHOcxb  nojinaMHAHHX  njienoK  ii  mixeii  peaKO  Boapacxaex. 
IlpH  6ojibniOM  coAep>KaHHH  nojrnaxHJieHOKCHAa  Majio  opneHxiipb- 
BaHHbie  HJieHKH  H HHXH  cxaHOBaxca  KayayKonoAoSnbiMPi. 

XIpii  HCCJieAOBaHHH  peaKAHH  oKcnaxHanpoBaniia  Kap6oAenHHx 
nojiiiaMHAOB  b KaaecxBe  hcxoahoxo  Maxepnajia  npHAienaJiH  npo- 
-MbiiujieHHHH  o6pa3en;  nojiHaKpnjiaMHAa,  coAepjKani^ero  He6ojibiuoe 
ancjio  Kap6oKCHJibHbix  rpynn,  b Koxopbix  BOAOpoA  6biJi  saMenen 
axoMOM  Ca. 

Kan  H B cjiyaae  OKciiaxHJiHpoBaHHa  rexepoij,enHbix  nojiiiaMH- 
.AOB,  npH  peaKAHH  okhch  axHJiena  c nojinaKpHJiaMHAOM  npHBec  6biJi 
XGM  6ojibme,  aeM  6ojibinee  KOJinaecxBO  okhch  axHJiena  ynoxpe6jiHJiH 
npn  peaKAHH  (cm.  xa6jiHn;y).  Bbijim  nojiyaeHBi  oSpaaABi  hojihokch- 
.axiiJiiipoBaHHOro  nojinaKpujiaMHAa,  coAep>Kani,He  ox  10  ao 
'68%  noJiHoxHJieHOKCHAa. 

Ha  ocHOBaHHH  AanHBix  o npnBece  hjichkh  b peayjibxaxe  peaKAHH, 
■C0Aep?KaHHa  b o6pa3n,e  aaoxa  h AanHBix  anajinaa  no  MexoAy  Mop- 
rana  6hjih  paccanxanH  cpeAHaa  cxenenb  nojiHMepH3an;HH  axHuen- 
okchahbix  ij,eneH,  cxenenb  aaMemenna  axoMOB  BOAOpOAa  npn  aaoxe 
in  aiicjio  hmhahhx  rpynn.  OKaaajiocB,  axo  bo  Bcex  HCCJieAOBannbix 
'CJiyaaax  cxenenb  nojiHMepiiaaAHH  6okobbix  n;eneH  ne  npesHinajia  2, 
b xo  BpeMa,  KaK  cxenenb  aaMeineniia  npn  aaoxe  6BEJia  Aocxaxoa- 
HO  bbicokoh  AaH<e  npn  He6oABinoM  coAepjKanHH  axnjienoKCHAa, 
a B o6pa3Ae  c coAep^KaniieM  axHJienoKCHAa  68%  Bce  axoMBi  boao- 
•poAa  npH  aaoxe  onaaajiHCb  aaMezAenHBiMii  na  axHJienoKCHAHbie 
SBenba.  TaKoe  orjinane  b npoxeKanHH  peaKi],HH  c okhcbio  axHJiena 
irexepoAennHx  h Kap6on;enHBix  nojinaMHAOB  CBaaano,  ho-bhahmo- 
:My,  c xeM,  axo  OKHCb  axHJiena' AH(J)$yHAHpyex  b nojiHaKpiiJiaMHAnyio 
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jiJieHKy  3HaTOTejibHO  6HCTpee,  b nojinaMHAHyio  nJienKy.  Kpo- 
Me  Toro,  KOH^eHTpa^HH  aMH^ntix  rpynn  b nojiHaKpiiJiaMHfl,e  3iia- 
BHxejibHO  BLime,  bgm  b HCCJie;i;oBaHHbix.  reTepoii;eHHi>ix  nojiii- 
aMiiAax. 

OflHOBpeMeHHQ  c OKciiaTiiJiiipoBaHiieM  nojiiiaKpiiJiaMiiAa  npo- 
Hcxo^iuio  oSpaaoBaHne  nonepenHLix  CBBaen  bcjibactbiig  BaaHMO- 

;^eiicTBiiH  aMn^HLix  rpynn  cocgahhx  MaKpoMOJiGKyji: 

CH2  — GH  — GHa  — GH  . . . 

I • I 

G = 0 G=  0 

I I- 

NHa 

NHa  NHa 

I I 

c=0  G=0 

I ■ I • 

CH2  — GH — GHs  — GH 

GHg  — GH  — GH2  — GH  — GHa 

■ I I 

C=0  G=0  ' 

I • i 

NH  NHa 

I NHa 

C=0  I 

I G = 0 

I I 

GHa^GH  — GHa  — GH 

BniiAy  3Toro  OKcnaTHJiHpoBanHBie  npo^yKTH  TepnjiH  pacTBopii- 
-iMOCTb  B BOflG  H TOJIbKO  CHJIbHO  HaSyxaJIH  B HGH.  BbIJi;eJIflK)n3,HHCH 
B peayjibTaxe  peaKU,Hii  HMH^H3au,HH  aMMnaK  BaaiiMO^encxBOBaji 
<c  OKncbK)  axHJiGHa  c oSpaaoBaHneM  ajiKOKcnaMnnoB. 

MexaHHnecKHG  CBoiicxBa  nojinaKpHJiaMHAHoii  bjighkh  b pe- 
33^jibxaxe  peaK^HH  t OKiicbio  axnJieHa  nsMenHioxcn  BGCbMa  cyni.e- 
•cxBGHHO.  Ecjiii  HcxoAHaa  njiGHKa  oSjiaAajia  j^OBOJibno  anaHHxejib- 
*HOH  nponnocxbH)  na  paapbiB  (j  — 1500  kF/cm^),  ho  6biJia  npeaBbi- 
naiiHO  xpynKOH,  xo  OKcnaxHJinpoBaHHbie  bjighkh  cxanoBHJincb 
o^GHb  3JiacxiinHbiMii,  npn  SojibniOM  coAepH^annii  axiuienoKcnflia 
(fiojiee  40%)  — pesHHonoAoGHbiMn;  OAnaKO,  ohh  o6jiaAajiH  3Ha- 
BHXGJibHO  MGHbnien  npoBHOCxbH)  na  paapbiB,  hgm  ncxoAHbie  bjighkh. 
B peayjibxaxe  peaKitnii  flOBOJibno  SHaHnxejibHO  nosbimajiacb  mo- 
poaocxoMKOcxb  njienoK.  nojinaKpniiaMH^^HaH  njienKa,  coAep>Kani,aH 
42%  OKiicH  axHJieHa,  imejia  xennepaxypy  cxGKJiOBannH  — 40°  . 
SHaniixGJibHO  noBbiinajiacb  xepMOCxoHKOcxb  hjighok.  Ecjih  hcxoa- 
HbiH  nojiiiaKpHJiaMHA  HannHaex  paaiiaraxbCH  c BbiAejiGHneM  aMMna- 
j{a  y>Ke  npn  150°,  a npn  260°  Hacxynaex  Sbicxpak  AecxpyKAHfl, 
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OKCHaTHJiHpoBaHHLie  !j  noABepraiOTCH  flecTpyKii,iiH 

BHine  350°.  ’ 

CTeneHb  Ha6yxaHHH  OKCiiaTHJiHpoBaHHLix  noJiHaKpiiJiaMiiAHHX 
HJieHOK  B BOfle  HCCKOJibKO  BOspacTaJia  no  cpaBHennio  co  CTenenbio 
Ha6yxaHHH  HCxofl,Hbix  nJienoK,  HMeion^nx  TaKoe.>Ke  nncjio  none- 
pennbix  CBasen,  kaK  n OKCHaxnjinpoBaHHbie  njienKH. 


XapaKTepncTHKa  npo^yKTOB,  noJiyMemibix  npii  OKCHarujiiipoBaHim 
HoaHaKpHaaMHAa 


« P? 

5 o L; 

O H s 

K 

CO  M 

o ffl 
a w 

b- 

§ « s 

tr  SB  K 

ii 

S s 

s « « 

2 ns  ^ 

S K « 

<D  PB 

§g| 

o 05  K 

1 ^ 

1 § 

CO 

ra 

cu 

S 

ra 

a, 

« 

...  p,- 

Ii® 

(U  ^ 

o&l 
e = g 

o _r  P « 

■ 

H 

S g « 

O S g K 

W’  S 1 2 

2 

M ^ 3 

2 s S 

S 5-3 

H P O 

O CO  X 

CO  o 

® 

n 53  Eh  o 
p S3 

P<0  S (p 
o S3  p;  P 

ts 

• Im 

05 

E m 

C3 

■ 

w o 

05 

s § 

n 

<u 

a S 

SB  CO 

a 

pa 

O 953 
a 05 

o E2 

H S 

0,3 

. 21,2 

11,21 

10,25 

1,9 

15  i 

4 

0,5 

42,0 

9,4 

15,13 

1,6 

44,0 

2 

1,0 

54,4 

6,2 

24,4 

1,8 

68 

■ 2 

2,0 

68,0 

4,6 

34,6 

2,04 

100 

1 

— . 

— 

16,8 

2 

JIiiTepaxypa 

1.  T.  L.  C a i r n s,  H.  D.  F o s t e r,  A.  W.  L a r c h a r,  A.  K,. 

Schneider,  R.  S.  Schreiber,  J,.  Amer.  Chem.  Soc,,.  71,  651,. 

1949;  r.  X 0 n A.  M lo  ji  Ji  e p,  O.  B e h r e p,  riojiiiaMiTAH. 
M.,  FHTH  XHMiinecKOH  aHTepaiypH,  1958,  68. 

2.  H.  S.  Haas,  S.  G.  Cohen,  A.  C.  0 g 1 e s b y,  E.  A.  Kar- 

lin, J.  Pplymer  Sci.,  15,  42;7,  1955;  B.  B.  11  e t y x o b,  .A.  B.  Ha- 

K lu  B e p,  KoaaoiiAH.  jk.,  18,  74,  1956.. 

3.  W.  Kern,  Ang.  Chem.,  64,.  612,  1952;  A.  M.  S c h i 1 1 e r,  T.  I. 

S u e n,  Industr.  Engng.  Chem.  48,  2132,  1956. 

4.  P.  F 1 0 r y,  J.  Chem.  Phys.,  17,  223,  1949. 


Summary 

Carbochain  and  heterochain  polyamides  are  highly  reactive^ 
compounds  and  may  be  quite  easily  transformed  to  various  po- 
lymer analogs,  including  compounds  with  graft  side  chains.  We 
have  studied  the  relations  in  the  polyoxyethylation  of  heterochain 
and  carbochain  polyamides  of  various  structure  under  different 
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'Conditions.  Under  heterogeneous  conditions  the  reaction  Ukes 
place  not  only  at  the  surface,  but  iu;.  the  entire  body  of  the  film 
or  fiber,  although  not  to  the  same  degree.  , 

On  heterogeneous  polyoxyethylation  of  heterochain  polyamides 
graft  polymers  were  obtained  with  an  up  to  55%  content  of 
polyethylene  oxide,  with  varying  polyethylene  oxide  chain  lengths 
and  with  different  degrees  of  substitution  of  the  groups.  The 
formation  of  polyoxyethylated  polyamides  with  high  polyethy- 
lene oxide  contents  is  facilitated  by  the  use  of  a large  excess  of 
ethylene  oxide  and  a lower  degree  of  orientation  of  the  films  and 
iibres. 

In  the  process  of  polyoxyethylation  of  heterochain  polyamides 
as  a result  of  crosslinking  insoluble  products  may  form,  greatly 
swelled  in  the  respective  solvents.  The  branching  and  cross- 
linking  of  the  macromolecules  has  been  found  to  result  from  the 
reaction  of  the  terminal  carboxyl  groups  of  the  polyamides  and 
the  hydroxyl  groups  of  the  polyethylene  oxide  graft.  On  po- 
lyo.xyethylation  of  polyamides  not  containing  terminal  carboxyl 
groups  non  cross-linked,  soluble  graft > polymers  are  formed. 

In  the  heterogeneous  polyoxyethylation  of  polyacrylamide  films 
graft  polymers  with  an  up  to  65%  polyethylene  oxide  content 
were  obtained.  In  this  case  the  reaction  is  also  accompanied  by 
the  formation  of  cross  links.  In  the  process  of  reaction  one  or 
both  of  the  hydrogens  of  an  amide  group  may  be  substituted 
by  polyethylene  oxide  chains. 


Resume 

Les  polyamides  a chaine  carbonique  et  a chaine  heteroatomi- 
que  ont  une  tres  bonne  reactivite  et  peuvent  etre  facilement 
transformes  en  divers  polymere  -analogues  y compris  des  com- 
poses a chaines  greffees  laterales.  Nous  avons  etudie  les  regula- 
rites  de  la  reaction  de  polyoxyethylation  des  polyamides  a chaine 
hetero-atomique  et  a chaine  carbonique  dont  la  structure  en 
conditions  variees  est  differente.  Pendant  la  polyoxyethylation 
des  polyamides  dans  des  conditions  heterogenes  la  reaction 
s’effectue  non  seulement  a partir  de  la  surface,  mais  dans  toute 
Tepaisseur  de  film  ou  de  fil,  bien  qu’en  mesure  differente. 

Dans  le  cas  de  polyethylation  heterogene  des  polyamides  a 
chaine  hetero-atomique  on  a obtenu  les  polymeres  greffes 
avec  55%  en  polyethylenoxyde,  d'une  longueur  differente  des 
chaines  de  polyethylenoxyde  et  d’un  degre  different  de  sub- 
stitution des  groupes  NH.  La  formation  des  polyamides 
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polyoxyethyles  avec  un  grand  conteriu  de  poly  ethyl  enoxyde  est 
favorisee  par  Tutilisation  de  grand  exces  d’oxyde  d’ ethylene  et 
par  un  moindre  degre  d’ orientation  de  fibres  et  de  films. 

Au  coiirs  de  la  polyoxyethylation  des  polyamides  a chaine 
hetero-atornique  pent  avoir  lieu  la  formation  des  produits 
insolubles,  fortement  gonflant  dans  des  solvants  appropries 
ce  qui  est  du  a la  naissance  de  liaisons  transversales.  On  a con- 
state que  la  ramification  et  la  reticulation  de  macromolecules 
se  produisent  aux  depends  de  la  reaction  des  groupes  carboxyli- 
ques  termineux  et  des  groupes  hydroxyles  des  greffages  de  poly- 
ethylenoxides. 

En  cas  de  la  polyoxyethylation  des  polyamides  qui  ne  corn- 
portent  pas  de  groupes  carboxyliques  termineux  on  a obtenu  des 
polymeres  greffes,  solubles  et  non  reticules. 

Au  cours  de  la  pplyethylation  des  films  de  polyacrylamides 
on  a obtenu  des  polymeres  greffes  contenant  65%  de  polyethylen- 
oxyde.  Dans  le  cas.pareil  la  reaction  est  suivie  par  la  formation 
des  liaisons  transversales.  Durant  la  polyoxyethylation  un  ou 
deiix  atomes  d ’hydrogene  du  meme  groupe  amidique  peuvent 
etre  substitues  aux  chaines  de  polyethylenoxyde. 
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nPHBHBKA  METHJIMETAKPHJIATA 
K nojinnpoiiHJiEHy  ii  noJiHOTHjiEHy 

M.  Jtasap,  P.  P ado,  JO.  II  ae  Aunev, 

(HexocjioBaKHfl) 


IIpHHi^Hn  riojiy^eHHfl  ripHBHTHX  nojiHMepoB  cbcTOHT  B nojiyne- 
HHH  MaKpOpafl,HKaJIOB  OCHOBHOrO  nOJIHMepa,  K KOTOpMM  BaTGM 
iipHBHBaioT  6oKOBBie  n;enH  Apyroro  nojiHMepa.  flpn  BBi6ope  Mexo^a 
npHBHBKH  k noJiHnponnjieHy  sajKHyio  pojib  Hrpaex  tot  (|)aKT,  hto 
nojiOBHHa  yrjiepoAHHX  axoMOB,  npHHaAJieJKamnx  k ochobhoh  ii;enH, 
npeACTaBJinex  co6oh  xpexH^HHe  axoMti  yrjiepoAa.  9tot  (j)aKT  AeJiaex 
B03M0>kHbIM  npHBHBKy  K nOJIHnponHJIGHy  OT^aCTH  nyXGM  HGpGAaHH 
n;GnGH,  ox^acxH  mgtoaom,  ocHOBaHHHM  Ha  pacnaAe  rnAponGpGKHC- 
Htix  rpynni  Jli^Jio  b tom,  hto  nojinnponHjiGH,  bcjigactbhg  gfo  pcan- 
Ij|,H0HH0Cn0C06H0CTH,  MOJKHO  JIGFKO  OKHCJIHTb,  HOJiyHafl  HOJIHMGp- 
HHG  rHApOnepGKHCH,  KOTOpHG  HOTOM  MOPyX  CJiy>KHTb  HHHAHaxopa- 
MH  nojiHMGpHaaAHH  Apyrux  mohomgpob.  Mh  npoBGJiH  ohhth  no 

npiIBHBKG  npJIHBTHJIGHa  B yCJIOBHflX,  aHaJIOrHHHbIX  C yCJIOBHHMH 
OnblTOB  C nOJIHnpOHHJIGHOM,  AJIH  CpaBHGHHH  HOJiyHGHHblX  pGSyJIb- 
TaXOB. 

XoA  paSoT  n ycjioBHH  onbixoB 

Mh  ocyuAGCTBHJiH  omiTH  no  hphbhbkg  k nojiHnponnJiGHy  c 
npoSaMH,  COABpJKaBHIHMH  30  % axaKTHHGCKOH  HaCTH;HX  XapaKXGpn- 
CTHBGCKaa  BHBKOCXb  B TGXpaJIHHG  npH  140°  6HJia  paBHa  3,1.  Hc- 
nojibsoBaHHHG  npo6H  nojinaxHJiGHa  6hjih  npHroxoBjienH  npn  bh- 
COKOM  AaBJIGHHH.  Mbl  npHMGHflJIH  AJIH  OHLITOB  JIGHTH  XOJini;HHOK) 
0,25  MM,  npHHGM  BGC  npo6  HGpGA  HpHBHBKOH  KOJIGSaJICH  MGHCAy 
4 H 6 .412. 

Mh  OHHIAajIH  MGTHJIMGXaKpHJiax  npOMHBaHHGM,  pGKXH(|)HKaAHGH 
H nOJIHMGpH3an;HGH.  BgCOBOG  KOJIHHGCXBO  MGTHJIMGXaKpHJiaxa  npH 

OHHxax  no  hphbhbkg  6hjio  npnSjiHBHXGJibHo  b 100  pa3  6ojibniG, 

HGM  BGC  npHBHTHX  npo6.MH  HpOBOAHJIH  OHHTH  B aXMOC^GpG  aSOXa. 
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KoJiHHecTBo  npHBHToro  HOJiHMeTHJiMeTaKpHJiaTa  6BIJIO  onpeAejieHo 
no  npHBecy  jichtbi  nocjie  npoMBiBaHHH  b SeHsojie,  cymKH  Ha6yx*“ 
raero  MeTHjnvieTaKpnjiaTa  h 700  ^acoB  3KCTpaKn;HH  b ar^exone  npn 
20". 

3(|)(|)eKTiiBHOCTb  npiiBHBKH  H npiiBHToro  conojiHMepa 

^to6h  onpe^ejinTb  a^^eKTHBHocTb  npouiecca  hphbhbkh  h 
;t^ojiK)  npHBHToro  nojiHMepa,  a xaKJKe  ajih  narjiHAHocTH  npnHii;pinoB 
npHBHBKH,  MH  BOcnoJibBOBajiHCb  cjieffyK)in;eH  peaKii;HOHHOH  cxe- 
moh: 

I /ci  i pacnaA  HHHn,HaTopa 

i +M  k^a  p npHcoeAHHenne  nepBHHHoro  pa^HKajia  k MOHOMepy 
p 4“  M ^2  pocT  roMonojiHMepHoro  MaKpopa^HKajia 

Po  + M /C2  Po  pOCT  npHBHTOH  BGTBH 

P'  + Po  ^4  Po  + P nepeAana  ApyroMy  nojiHMepy  pacTyiAero  roMono- 
jiHMepnoro  paAHKajia 

+ Po  ^^4i  Po  + iH  nepeAa^a  ApyroMy  nojiHMepy  paAHKajia  HHHAHa- 

Topa 

p (po)]+  M /f4„  p (po)  + p'  nepeAaqa  MOHOMepy 

Po  + Po  *^3i  Po  — Po  oGpasoBaHHG  nonepe^Hbix  CBBseii  b npHBHTOM 
nojiHMepe 

Po  + Po  Po  + Po  o6pa30BaHHe  npHBiiToro  nojiHMepa 

_|_  p'  Po  + P o6pa30BaHHe  npHBHToro  nojTHMepa  h roMOnojiii- 
Mepa 

p'  + p'  ^3  p oSpasoBanne  roMonojiHMepa 
B ycjiOBHHX  cTaAHonapHoro  coctohhhh 

= /^4p  Po  “F  /^diipo  /^4mPo^  ^sPo  /^sPoP  =0  (1) 

= 2/ci/I  — hi  ipo  - haiH  = .0  (2) 

H3  ypaBHeHHH  (1)  h (2)  h ypaBiieHiiH  cKopocTH  pacxoAonaHHn  mo- 
HOMepa  B nadyxmeM  noJiHMepe 

-^=fc,(p;+p')M  (3) 

MOJKHO  BHpaSHTL  KOHAeHTpaAHK)  OTAOJIbHHX  paAHKaJlOB  npH  HO- 
MoiAH  KOHAeHTpanHH  pearnpyioiAHx  KOMnoneHTOB  h KHnoTHne- 
CKHX  nOCTOHHHfJX  yKaSaHHHX  peaKAHH. 

9(|)(|eKTHBHOCTb  npHBHBKH  (u),  npeACTaBjiHion^yK)  co6oh  ot- 

Homeiine  npHBHTOro  nojiHMopa  k o8n];eMy  H0B006pa30BaHn0My 
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nojiHMepy,  Moamo  corjiacHo  npHBeAeHHoii  cxeMe  BupasHTb  cjieAyio- 

ipHM  o6pa30M: 


feaPpP'  + ^4mPo^'J  + *3Po^  + 2/-/csPpP' 


*4  (Po  + P')  po  + A4m(Po  + P')M  + ks  (P^  •+  P')* 


(4) 


ypaBHeHHe  (4)  nocae  noflCTaHOBKii  KOHpeHxpanHH  OTAejiBiitix  pa- 
AHKajiOB  H npeo6pa30BaHHH  npnoSperaeT  bha 


” = 1 — (i  + g)  (1  + m/c), 


(5) 


TAB  BcnoMoraTejibHUH  chmboji 

. a (Cpo  + C „M)+  C„M(1  +■  |5) 


(1  +«)(!  + fi)  (Cpo  + C„M) 


B ypaBHBHHH  (5)  a — OTHomenHe  CKopocTH  HC'iesHOBeHHH  no- 

JIHMepHMX  paAHKajIOB  (Pp  -f-  P)  npH  BSaHMOAeiiCTBHH  K CKOpOCTIl 
HX  HCHBSHOBeHHfl  Hpil  peaKAHH  C OCHOBHHM  HOAHMepOM  (P,,)  H 

MOHOMepoM.  B cooTBBTCTBHH  c npHBeACHHHM  onpeAeAeHHeM  H c 

np606pa30BaHHeM  COOXHOniBHHfl  BUpaJKBHHH,’  yAHTHBaiOIAHX  CKO- 
pOCTH,  M05KH0  BblAHCAHTb  tt  H3  OTHOmeHHH 


a = 


J Vo 


CpoM  + C„M2 


TAB,  KpOMB  yjKB  ynOMHHyTUX  CHMBOAOB,  (J)HrypHpyeT  nOCTOHHHafl, 
xapaKTBpHsyiomaH  ochobhoh  hoahmbp  C 


= il“;  H oSmafi 


CKOpOCTb  paCXOAOBaHHfl  MOHOMepa  Vp.- 

riocTOHHHafl  p xapaKxepH^yeT  OTHomenne  cKopocTii  BaaiiMOAeii- 

CTBHH  pa^HHKaJIOB  HHHI];HaTOpa  C OCHOBHHM  nOJIIIMCpOM  K CKOpOCTH 
HX  npHcoe^HHCHKH  K npHcyTCTByK)ni,eMy  MOHOMepy. 

fljiH  paccMOTpeHHoro  cjiynan  hphbhbkh  k nojinnpoHHjieHy  ii 
nojiH3THjieHy  MeTHJiMeTaKpHjiaxa  npH  50°  {d  = 0,6;  v = 0,4; 

C)  [1]  OTHOmeHHe  MOKAy  .3(|)$eKTHBHOCTBK)  H a H306pa>KeHO 
Ha  PHC.  1 AJIfl  HeCKOJIBKHX  BGJIHHHH  p. 

^OJiio  CTpyKxypnpoBaHHOro  npHBHToro  conojiHMepa  k o6ni,eMy 
KOJIHHeCTBy  npHBHTOrO  HOJIHMepa  M0>KH0  BLipaSHTb  OTHOmeHHeM 


fz  = 


2vk3ip^ 


^4PoP  + ^‘’3Po^  2rk^^o'p' 


(7) 
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3to  BLipaH^eHHe  nocjie  noA'  m 
CTanoBKH  KOHAeHTpaAHH  pa- 
AHKajiOB  H npeo6pa30BaHHH 
nepexoAHT  b (|)opMy 


4 

1 + a 


It  (1  — A;)  a 


(8)  .^.4 


tab  CHMBOJILI  HMeiOT  TO  }Ke  3Ha-  _ Vv 
HGHHe,  KaK  3TO  6ltjio  yKasaHo  ’ 

BLime. 

TeopexmecKyio  saBiicn-  o.Z-  ^ ~^or 

MOCTfc  MGJKAy  jz  H a B yCJIO-  ^ ^ 

BiiHX,  anajiorHHHBix  tgm,  ajih  ^-0 

KaKHX  6i>iAa  BuwcjieHa  3(j)-  i ^ ^ 

$eKTHBHOCTb,  H3o6pa>KaeT  p^,_,  1,  ,3$$eKTHBH0CTb  (M)  npHBHB- 

pHC.  Z.  KH  B.  SaBHCHMOCTH  OT  BeJIH'IHHH  a OpH 

BLiBGAGHHoe  cooTHomeHHe  HeckojibKHX  SHakeHHax  p, 

AJIH  3(|)$eKTHBHOCTH  npHBHB- 
KH  Aaex  B03M0H<H0CTb  HpeA" 

nojio>KHTejibHo  onpeAejiHTL  aojik)  xaMH^iecKH  CBnaanHoro  no^ 
jiHMepa  c BOBHHKiiiHM  roMonojiHMepoM  npH  nojiHMepH3aii;HH 
. MOHOMepa  B HaSyxmeM  nojiHMepe.  XIpii  cpaBHennii  c cooxho- 
meHHeM  3$(|)eKXHBHOCTH  [2],  BHBeAeHHHM  rJiaBHHM  o6pa30Ar 
AJiH  npHBHBKH  nojiHMepOB  c HH3KOH  KOHn;eHTpaii;HeH  peaKI^H- 
OHHOcnocc)6Hi.ix  rpynn,  yKaaaHHoe  codxHomeHHe  noaBOJiner 
ouieHHXb  xaKH^e  BJiiiBHue  nepeAanH  paAHKajiOB  HHHAnaxopa 
nojiHMepy,  BbiHiiCJiHXb  3(|)(|)eKXHBHocxb  npHBUBKH  npii  noMomii 
niAponepeKHCH  n onpeAejiHXB  3(|)(J)eKTHBH0CTB  npH  npHBHBKe* 
nocjie  npeABapHxejiBHoro  o6jiyHeHHH.  C Apyroii  cxopoHH,  ypaBne- 

ime  noaBOJiHex  BHpa3HTi>^ 
^2  3(J)(|)eKXHBHOCTb  HpHBHBKH  H 

^ ^ — T'  fz  XOJIBKO  B xex  Cjiy^anx, 

’ KOXAa  B AejiOM  npH  npo- 

xeKaHHH  peaKAHH  co6jiio- 
AaexcH  npaKXH^ecKoe  no- 

/ ^ " CXOHHCXBO  XHMHHeCKHX  CBfl- 

sen,  y^acTByioiAHx' B nepe- 

ocHOBHOMy  nojiHMe- 
j ycjiOBHe,  OAHaKO, 

^Li . T ^ BO  MHornx  cjiy^anx  6lijiO“ 

^ ^ ^ 9 a BBinojiHeno. 

PlIC.  2.  SaBHCHMOCTB  CTpyKTypHpO-  ® CBH3H  C 3XHM  M0>KH0‘ 

BaHHoronojiHMepano  oTHomeimio  KoBCGMy  CKasaxb,  ^ixo  Hsy^aeMoe  co- 

KOJiHHecTBy  npHBMToro  nojiHMepa  ot  Be-  oxHomeHHe  AJiH  aiAeKXHB- 

aiiMHHH  a npH  HecKoai,Knx  3naHeiinax  p.  npHBHBKn  corjiacyeT-. 
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€H  c ynoMHHyTHM  ypaBHeHHeM  (2)  npn  Pj=  0 tojibko  npn  nyjieBOH 
*CTeneHH  iipeBpameHHH.  Ha^o  eiii,e  ynasaxL,  mto  noj^o6Hoe  ypaBHe- 
HMe  9(J)(|)eKTHBH0CTH  6I1IJIO  BLIBe^eHO  H ApyrHM  aBTOpOM  [3].  9tot 
-BBTop  oScy^HJi  Bonpoc  0 npeKpameHHH  pocxa  n;eneH  BOo6iii;e, 
HO  HyJKHO  CKaaaTfc,  HTO  Ha  9(|)(J)eKTHBHOCTB  npHBHBKH  OKaaWBaeT 
BJiHHHHe  TaKjke  xapaKxep  peaKij.HH  OKOH^anwH  pocxa.  Ho  9toh 
npHHHHe  (KpoMe  apyrnx)  HxoroBoe  ypaBHenne  He  coBnaAaex  c 
ypaBHeHHeM  9$(|)eKXHBHocxH  B npeAcxaBJieHHOH  paSoxe. 

IIpHBHBKa  peaKu,HHMH  Hepe^a^H 

KOJiHHecxBeHHoro  BLipajKeHHH  9(J)$eKXHBH0CXH  npoi];ecca 
iHpHBHBKH  Ha  ocHOBaHHH  ypaBHeHHH  (5)  HyH(Ho  B nepByK)  onepeAb 
BHpasHXb  BejiHHHHy  a.  BsHAy  toxo,  hxo  BejiHHHHa  C aJIH  yrjieBOAO- 
poAHux  nojiHMepoB  He  6HJia  onpeAejiena,  mh  nsMepHJiH  KHHexHHe- 
«cKHe  nocxoHHHHe  peaKH,HH  nepeAaHH  nojiHMexHJiMexaKpnjiaxHoro 
paAHKajia,  nojitayacb  MOAejibHHMH  yrjieBOAopoAHHMH  nojiHMepa- 
-MH.  B KaaecxBe  MOAeineH  mm  BHSpajiH  ceMb  ajiKHJibHMX  9(j)HpoB 
pasjiHHHOH  cxpyKxypM  H H-reKxaH  h HSOOKxan,  hxo6m  moh^ho  6hji6 
•onpeAejiHTb  nocxoHHHHe  nepeAaan  oxAejibHHX  xhhob  CBaaen 
ajiH(j)axHHecKX  yrjieBOAoppAOB  ii  na  ocHOBaHHH  hx  OAOHHXb  koh- 
^cxaHXH  nepeAaHH  noJinnponHJieHa  hjih  nojiriaxHJieHa. 

Ha  pes^jibxaxoB  HSMepeHHH  [8]  ajih  ochobhoxo  ssena  nojiHnpo- 
miJieHa  6MJia  BMBeAena  BejiHHHHa  G = 1*10“^,  a aJih  SBena  no- 
.jiH9XHJieHa — ^^0,6- 10”^.  Ecjih  hcxoahtb  h3  9xhx  hocxohhhhx  ne- 
peAaHH,  a xaKH^ens  CKopocxH  o6ni;ero  pacxoAOBaHHH  MOHOMepa  b na- 
SyXmHX  nOJIHMepaX  H H3  BeJIHHHHbl  iS^,XO  BeJIHHHHa  9(j)(|)eKXHBHOCXH 
jipHBHBKH  MexHJiMexaKpHJiaxa  K HOJiHnpoHHJieHy  cocxaBHx  0,7, 
a K nojiH9XHJieHy  0,6. 

OxHOmeHHe  6hJIO  BHHHCJieHO  H3  CpeAHHX  BeJIHHHH  H k2 
.A^H  MexHJiMexaKpHjiaxa  npn  50®  [4]  c yaexoM  rejib-9$(|)eKxa,  ko- 
XOpblH  TJiaBHHM  o6pa30M  [5]  CHHJKaeX  KHHeXHHeCKyK)  HOCXOHHHyK) 
-OKOHHaHHfl  pocxa.  BejiHHHHa  npoH3BeAeHHH  npaMo  nponop- 

AHOHajibHa  KopHio  KBaApaxHOMy  h3  hxo  o6o3HaHaex,  hxo  npn 
yMeHbmeHHH  Ag  CHHH^aexcH  h KOHCxanxa  a.  TaKHM  oSpaaoM  rejib- 
:9(j)(|)eKX  nOBMHiaeX  9(|)(|)eKXHBHOCXb  npHBHBKH. 

Ha  OHHXOB  npHBHBKH  K nOJIHnpOHHJieHy  H nOJIH9THJieHy 
(gm.  TaSjiimy)  npH  paBHOH  cKopocxH  nojiHMepH3an;HH  MonoMepa 
(10%/HaG)  bhaho,  hxo  AGHCXBHxejibHO  B cjiynae  noJiHnponHJiena 
Ha6jiK)AaexcH  BMcmaa  9$(J)eKXHBHocxb  hphbhbkh. 

HpeAHOJiaraeMMe  h aKcnepHMenxajibHO  ycxaHOBJieHHbie  peayjib- 
*xaxH  HaxoAHxcH  B oxHocHxejibHO  xopomeM  KanecxBeHHOM  corjiacHH, 
•OAHaKO  noJiHoro  KOJinnecxEenHoro  cooxBexcxBHa  He  HaSjnoAaexca. 
9x0  pacxoJKAaHHe,  sepoaxHO,  oSycjiOBJieHO  He  OAnnaKOBMM  ynenb- 
meHHeM  CKopocxH  OKonnaHHH  pocxa  ajih  nojiHnponHJiena  h hojih- 
.BXHJieHa. 
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Hpii  cpaBHeHHH  CKopocTii  npHBiiBi^H  B npHCyTCTBHH  nepeKHCH 
^oenaoHJia  ii  a30-6HC'H3o6yTHpoHHTpHJia  bhaho  HBHoe  pasjiiraie 
B cKopocTHx  (Ta6jiHua  II  piic.  3).  3tot  (|)aKT  CBHAexejibCTByeT  o 


T a 6 Ji  H a a 

CKOpOCTb  npHBHBKH  MCTHJlMeTaKpHJiaTa  K HOJlHnpOnHJieHy 
II  nojiH3THJieHy  npn  50°  b npHcyxcTBHH  a30-6HC-H3o6yTHpoHHT- 
pnjia  (AHBH)  h nepeimcH  OeHSonaa  (BH).  (CKopoCTb  oxHecena 
K 100%-HOMy  npHBecy) 


CKopocTb  npHBHBKH,  %/qac 


K nojiiinponnjieHy 

K nojiHBTHJieny 

AHBH 

BH 

APIBH 

BH 

120 

170 

70 

110 

;©a)KHoS  poJiH  n6p6A8^^^B  nGpCKHCHLix  paAHKajiOB.  Hs  pasHocxH 
:B  CKOpOCTHX  npHBHBKH  H npeAHOJiaraeMOH  3(|)$eKXHBHOCTH  npH  HC- 
.nojitaoBaHHH  a30'6HC-H3o6yTHpoHHTpHJia  cjieAyex,  nxo  p npn 
>IICnOJIb3bBaHHH  nGpGKHCH  6GH30HJia  HMGGT  HGOJKHAaHHO  BLICOKOG 


iBHanenne  (npnSjiHSHxejibHO 

10)'.  Ha  ocHOBaHHH  axoro 
peayjibxaxa  mo>kho  c^Hxaxb, 
HTO  AeHCTBHXeJIbHaH  3$(|)eK- 
'THBHOCTb  npHBHBKH  SyA^T 

necKOJibKo  MeHbme  bmhhc- 
.jiennoH.  Ilpn  axoM  mbi  npeA- 
inojiaraeM,  nxo  OyxHpoHHx- 
pHJibHHe  paAHKajibi  necno- 
•«co6hh  k oxpHBy  BOAopoAa 
H3  yrjiGBOAopoAOB,  KaK  axo 
^MJio  onpeAeJieHo  npii  nay- 
‘^eHHH  npoAyKxoB  A^cxpyK- 
vd;hh  b xojiyojie  [7]. 

CKopocxb  npon;ecca  npn- 
BHBKH^  oxneceHHafl  k 
'100%-HOMy  yBejiHHeHHK)  b 
Bece  npHBHxoro  MexHjiMex- 
-aKpHJiaxa,  noBbiniaexcH  c 
.KOpHGM  KBaApaXHHM  H3 
KOHn;eHxpaii,HH  HHHAnaxo- 

pa  (pnc.  3),  Hxo  CBHAexejib- 
^cxByex  o 6HMOJieKyjiHp- 
iHOM  xapaKxepe  paAHKajiOB, 


Phc.  3.  SaBHCHMOCTb  jiorapH^Ma  cko- 

pOCTIl  npHBHBKH  noJiHHponHJieHa  OT 
jiorapH^Ma  KOHAeHTpaAHH  a30-6HC-H3o5y- 
THpOHHXpHJia  (1)  H HepeKHCH  6eH3pHJia  (2) 
H COOTBGTCTByiOIAHX  CKOpOCXeH  .nOJIHMe- 

pHsaAHH  MeTHJiMeTaKpHJiaxa  (3  — AHBH, 
4 ^ HE)  npii  50®. 
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y^iacTByiomiix  b peaKanii  oKOH^aHna  pocxa.  HeKOTopoe  OTKJiOHeHHe> 
M05KH0  HaiSjIIOAaTB  TOJILKO  npH  HaHBHCineH  KOHI];eHTpai^HPI  a30- 
6HC-H3o6yTHJIOHHTpHJia,  KOr/lia  BepOHTHO,  npOHCXOflllT  OKOH^iaHHe'* 
pocTa,  B KOTopoM  y^acTByioT  paAHKajiH  HHHAHaTopa.  3to  npeA- 
nojiojKeHHe  noATBepjKAaex  h to  o6cTOHTejii>CTBo,'  hto  b AannoM  cjiy- 
TOO  A cocTaBjineT  tojilko  0,05  — 0,08. 

OTcyxcTBHe  nojiHoii  paGXBopHMocxH  y npnBHxoro  nojimiepa: 
B KHnnmeM  xojiyojie  (3a  24  TOca)  CBHAexejitcTByex  06  oSpaaoBaHHiB 
xpexMepiioro  conojiHMepa.  SKcnepHMeHxajiBHo  onpeAejieHHaH  Be- 
JiHHHHa  jz  = 0,2  xopomo  corjiacyexcn  c BejiHHHHOH,  Koxopyio' 

M0H;H0  BLIBHCJIHTb  Ha  OCHOBaHHH  BGJIHHHHLI  a H3  ypaBHeHHH  (6)' 
HJin  9$4)eKTHBHOCTH  HpHBHBKH.  KaK  BLICOXa,  XaK  H HOJIOJKeHIie  MaK- 
CHMyMa  saBHCHT  ox  BejiHHHHLi  V.  B npeflejiax  bo3mo>khhx  HaMene- 
HHH  V ==  0—1  nojiojKGHHe  MaKCHMyMa  fz  SyAGT  KOJieOaTbCH  npHi 
a =:  0,7—1.. 

^ IIpHBHBKa  nepea  rnAponepeKHCH 

Hpopecc  oKHCJieHHHyrjiGBOAopAOB,  KaK  HaBecxiio,  cjieAyex  nO' 

AGHHOMy  paAHKajibHOMy  MGxaHH3My  H BGAex  K oSpaaoBaHHH)  paa- 
BGTBJIGHHLIX  AGHGH.  KhHGTHHGCKOG  pa3BGTBJIGHHG  AGHHOfr 

pGaKAHH  o6ycjiOBjiHBa- 
6T  rJiaBHHM  o6pa30M  AeCT- 
pyKAHK)  BOaHHKHIHX  PHA- 
pOHGpGKHCGH.  EcJtH  pGaK- 
AHH  OKHCJIGHHH  HpOHCXOAHT 
npH  TGMHGpaxypG  HHH^G  TGM- 
HGpaxypH  pa3JIO>KGHHfl  THA*- 
pOHGpGKHGGH,  TO  3TH  HGpG- 
KHGH  KOHAGHXpnpyiOTGH  B:- 
pGaKAHOHHBix  HpoAyKxax  k: 
HX  MOH«HO  nOTOM  HGHOJIB- 
SOBaXB  A-JIH  HHHAHUpOBaHHH 
npHBHBKH.  06  3TOM  MGTOAG 
npHrOTOBJIGHHH  npHBHTOrO' 
HOJiHnponHJiGHa  coo6ni,Hji 
Haxxa  [6], 

^JiH  Toro,  hto6bi  mbi 
MOrjIII  HOJiyHHTB  o6rAGG 
npGAGXaBJIGHHG  0 GKOpOGTIP 
o6pa30BaHHH  niAponGpGKH- 
^ ^ OAHOBpGMGHHO  GpaiB- 

B pGaKAnoHHOGnoGoOHOGTB  BOAOpOAa  y TpGTHHHoro  axoMa  yrjiG- 
pOAa.MBI  OKHCJIHJIH  npo6BI  nOJIHnpOHHJIGHa  H nOJIH3THJIGHa,  a aaXGM 
BBIAGpjKHBAOT  HX  B T6HGHHG  2 TOGOB  C MGTHJXMGXaKpHJiaXOM  npPI  TGM- 
paxypG  100  . XoTH  gtghghb  Ha6yxaHHH  nojiHaxHJiGna  npii  3toib 
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Phc.  4.  BjiiiHHHe  BpeMeim  OKHc:iieHHH 
nojiHnponHJiena  {1)  h no.iiHaTHJieHa  {2)  b 
npHcyTCTBHH  BOSAyxa  npn  80°  na  kojih- 
^eCTBO  npHBHTOrO  MeTHJIMGTaKpHJiaTa. 
IIpHBHBKa  6Erjia  ocymecTBJieHa  npn  100° 
. B TeHGHHe  2 ^acoB. 
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^eMnepaxype  6LiJia  B^Boe  bhihg,  mli  naGfiOAaJiH  ajih  liojiHnpoiiii- 
^ena  (pHC.  4)  6ojiee  BticoKne  CKopocxH  iiphbhbkh  MexiijiiviexaKpn- 
.jiaxa.  9xox  (j)aKx  CBHAexejiBCXByex  o xom,  hxo  li  to  BpeMH,  Kan  noAii- 
nponHJiGH  npH  axoH  xeivinepaxype  BHaHHxejitHo  okhcjihgxch  * c 06- 

paBOBaHHGM  THAponepoKHCGH,  HOJiiiaxHJiGHa  axa  HGpBan 

-CXaAHH  OKHCJIGHHH  B XGX  >KG  yCJIOBHHX  HG  BOBHHKaGT. 

9(J)^gkxhbhocxij  npuBPiBKH  b 9xom  cjiyBiaG  aaBiiciix,  KpoMG  y>KG 
‘OScyjKAaBmHXCH  ^aKxbpOB,  giag  h ot  MGxaHHBMa  paBjiGH^GHiiA 
rHApOnGpGKHCGH.  ECJIH  npGAnOJIO^KIlXfc  MOHOMOJIGKyJIHpHtm  pac- 
naA,  TO  P ^ 1;  b cjiy^G  SHMOJiGKyjiapiioro  pacnaAa  p = 60. 
XoTH  b 060HX  cjiyaaax  a$$GKTHBH0CTb  SyAex  bhihg,  hgm  iipn  npii- 
BHBKG,  o6yCJIOBJlGHHOH  TOJIBKO  pGaKAHHMH  IIGpGAaTO,  paBJIHHHG  HG 
'6yAeT  BHaanxGJiBHHM,  b cbhbh  c bgjihhpihoh  a. 

IIoaoShog  paccyjKAeiiiiG  mojkho  npHHHTB  h ajih  $paKAHii  xpcx- 
MGpHoro  npHBHToro  no.xHMGpa.  npH  pasHOM  V noJiyaaGTCH  Bbicniaa 
•<J)paKH.HH  XpGXMGpHOrO  nOJIHMGpa,  npHHGMOT  BGJIHHHHLI  V BaBHCHT 
KaK  BHCoxa,  xaK  h hojiojkghhg  MaKCHMyMa  a^ih  (|)paKri;iiH  xpGXMGp- 
lioro  npwBiiToro  nojiiiMGpa. 
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Summary 

In  a study  of  chGmical  modhifitf cation  hydrocarbon  polymers 
an  investigation  was  made  of  the  grafting  of  methylmethacrylate 
onto  polypropylene  and  poo  lyeylene.  The  grafting  process  was 
carried  out  both  through  preliminary  polymer  hydroperoxide 
formation  and  through  chain  transfer  reactions. 

Polymer  hydroperoxide  induced  grafting  proceeds  via  direct 
free  radical  initiation  of  side  chain  growth  and  viahydrogen  atom 
transfer  from  the  hydrocarbon  polymer  to  the  polymethylmetha- 
crylate radical.  The  resulting  polymer  radical  may  initiate  further 
grafting  of  the  monomer  or  become  inactivated  by  reaction  with 
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other  radicals.  In  order  to  determine  the  rates  of  the  separate* 
reactions  in  the  grafting  process  determinations  were  made  of 
the  rate  constants  of  chain  transfer  between  the  polymethylme- 
thacrylate radical  and  models  of  the  hydrocarbon  polymers.  AU 
the  same  time  the  contributions  to  the  chain  transfer  reaction  of 
radicals  not  participating  in  the  grafting  process  were  determined.. 

Grafting  of  polymethylmethacrylate  also  takes  place  on  ini- 
tiation of  polymerization  of  the  monomer  in  swollen  polypro- 
pylene or  polyethylene.  Here  the  contributions  to  the  chain  trans- 
fer from  the  initiator  and  the  methylmethacrylate  radical  were= 
determined  for  the  separate  polymers.  Since  the  grafting  was  car- 
ried out  in  swollen  polymers  the  effect  of  viscosity  of  the  medium*, 
on  the  course  of  the  methylmethacrylate  polymerization  reaction* 
was  examined. 

During  the  grafting  of  .methylmethacrylate  to  polyethylene^ 
and  polypropylene  the  possibility  of  crosslinking  of  these  poly- 
mers arises. 

Of  particular  interest  is  crosslinking  of  polypropylene  in  view 
of  the  fact  that  the  direct  reaction  induced  by  ionizing  radiatiom 
or  by  hydroperoxide  decomposition  is  connected  with  certaim 
complications  brought  about  by  degradation  of  the  polymer  back- 
bone. In  the  case  in  question  the  formation  of  a crosslinked  struc- 
ture is  due  to  recombination  of  the  growing  methylmethacrylate- 
chains.  The  crosslinking  of  the  graft  polymer  is  hindered  by  the-^ 
chain  transfer  reaction  and  by  disproportionation  during  chains, 
termination.  In  the  case  of  methylmethacrylate  the  ratio  between* 
recombination  and  disproportionation  is  favorable  to  crosslin- 
kage of  the  graft  polymers,  a fact  which  has  been  confirmed  expe^- 
rimentally. 

Based  on  the  data  concerning  the  chain  transfer  reactions  andt 
the  conditions  of  formation  and  decomposition  of  polymer  hydro- 
peroxides a discussion  has  been  presented  of  the  most  favorable 
procedures  for  grafting  methylmethacrylate  onto  polypropylene 
and  polyethylene  and  for  the  formation  of  crosslinked  graft  po- 
lymers. 


Resume 

C’est  le  processus  de  greffage  de  methacrylate  de  methyle  aur 
polypropylene  et  polyethylene  qu’on  a mis  a I’analyse  pendant 
I’investigation  de  modification  chimiques  des  polymeres  hydro- 
carboniques.  Le  greffage  s’effectuait,  d’une  part,  avec  une  for- 
mation preliminaire  des  hydroperoxydes  polymeriques  et,  d 'autre 
part,  aux  depens  des  reactions  qui  ont  lieu  au  transfert  des 
chaines. 
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Le  greffage  comprenaut  le  stade  de  formation  des  bydropero- 
xydes  polymeriques  s’effectue  comme  I’amorgage  direct  de  crois- 
sance  de  chaine  laterale  par  des  radicaux  fibres,  qui  se  forment  an 
cours  de  decomposition  d'bydroperoxyde,  ainsi  qu’aux  ddpens 
de  transfect  d’un  atome  d’bydrogene  du  polymere  bydrocarbo- 
nique  an  radical  de  pclymetbylmetbacrylate.  Le  radical  de 
polymere  bydrocarbonique  obtenu  pent  ensuile  amorcer  le  gref- 
fage de  monomere  present  ou  bien  se  ddsactiver  a la  suite  de  re- 
action avec  d’autres  radicaux.  Pour  definir  les  vitesses  des  reacti- 
ons particulieres  au  processus  de  greffage  on  a determine  les 
constantes  de  vitesse  des  reactions  de  transfert  des  cbames  entre 
le  radical  de  polymetbylmetbacrylate,  et  les  composes  de  model 
pour  les  polymeres  hydrocarbon es.  En  meme  temps  on  a deter- 
mine une  partie  des  radicaux,  participant  au  transfert  de  cbaine, 
mais  ne  participant  pas  au  processus  de  greffage. 

Le  greffage  de  mdtbacrylate  de  metbyle  se  produit  aussi^^au 
cours  de  polymerisation  amorcee  de  ce  monomere  dans  le  polypro- 
pylene gonfle  ou  polyethylene.  Dans  ce  precede  de  greffage  on  a 
determine  une  partie  des  reactions  de  transfert  ’des  chaines  de 
I’initiateur  et  radical  de  methacrylate  de  mdthyle  pour  les  poly- 
meres isoles. 

Au  cours  de  greffage  de  methacrylate  de  metbyle  au  polyethy- 
lene et  polypropylene  apparait  la  possibilite  de  reticulation 
de  ces  polymeres.  Le  greffage  est  surtout  interessant  pour  le  pro- 
pylene. Le  fait  est  que  le  greffage  direct  sous  I’influence  d’irra- 
diation  ionisante  ou  aux  depens  de  decomposition  des  peroxydes 
est  lie  avec  certaines  complications  de  processus  puisque  dans  ces 
cas  la  destruction  de  chaine  principale  de  polypropylene  se  pro- 
duit. Ici  la  formation  de  structure  reticulee  de  polymere  greffe 
est  conditionnee  par  la  recombinaisdn  des  chaines  croissantes  de 
methacrylate  de  metbyle.  Le  processus  de  greffage  de  polymere 
greffe  est  gene  par  les  reactions  de  transfert  des  chaines  et  par 
la  disproportionation  a. la  rupture  des  chaines.  En  cas  de  metha- 
crylate de  methyle  le  rapport  de  'recombinaison  et  de  disproportio- 
nation est  favorable  pour  la  formation  des  polymeres  greffes 
reticules  ce  qui  a ete  confirme  experimentalement. 

Sur  la  base  des  donnees  obtenues  au  cours  d’investigation  des 
reactions  de  transfert  des  chaines,  des  conditions  de  formation 
et  de  decomposition  des  hydroperoxydes  polymeriques  sont 
discutees  les  conditions  qui  sont  les  plus  favorables  pour  le  pro- 
cessus de  greffage  de  methacrylate  de  methyle  au  polypropylene 
et  polyethylene  et  celles  de  formation’ jdes  polymeres  greffes 
reticules. 
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B3AHMOAEHCTBHE  KAPBOKCHJICO^EPHfAUtHX 
ByXAflHEH-CTHPOJIbHWX  KAYHyKOB 
C nOJIHAMH^AMH  H e-KAnPOJIAKTAMOM 

Jf,  A,  T y m o pc  3.  H,  Cm  e B.  M*  E t^ic  m p o a 

(CCCP) 


HHii,HHpoBaHHe  rioJiHMepH3ai3;HH  £-KanpoJiaKTaMa  MiidroocHOB- 
aauMH  KiicjiOTaMH  npHBOflHT  K oSpaaoBaHHio  ceTTOXHx  nojiHMepoB 
[IJ.  npH  nojiHMepH3au,HH  KanpoJiaKxaMa  b npHcyxcxBHH  cohojiH' 
jviepoB  aKpHJiOBOH  KHCJioxH  o6pa3yK)xcH  npHBHxue  nojiHMepbi  [2]. 
ConojiHMepH  MexHJiaKpHJiaxa  co  cxnpojiOM  BsaHMOAeHCXByiox  c Kan- 
poJiaKxaMOM,  nbjiHMepHsyiomHMCH  b npncyxcxBHH  boah,  c o6pa30- 
BaHHGM  npHBHTLix  H xpexMGpHLix  noJiHMepoB  [3].  BnxxepJiG  H rpe- 
rop  [4]  pa3pa6oxaJiii  cnoco6  nojiy^eHHH  npHBHxux  nojiHMepoB 
noJiHMexaKpHJiaxa  H nojinaMHAa  .npn  hh3K0m  xennepaxype,  ocho~ 
BaHHBiH  Ha  BBeAeHHH  aKXHBHoro  HMHAHoro  3BeHa  B nojiHMepiiyio 
nenb.  IIpHBHXLiH  noJiHMep  Kap6oKCHMexHJiii;ejiJiK)iii03Li  n hojih- 

aMHAa  HOJiy^eH  PdroBHHHM  [5]. 

B HacxoHmeH  pa66xe  onncaHH  MexoAti  CHHxeaa  h neKoxopLie 
CBOHCXBa  npOAyKXOB  BSaHMOABHCXBHH  Kap60KCHJiaXHIiIX  6yxaAHeH- 
cxnpojibHLix  Kay^yKOB  (KBCK)  c s-KanpojiaKxaMOM  h noJinaMH- 
AaMH.  KaK  6biAO  noKasano  naMH  panee  [6],  npn  HarpeBauHn  cmg- 
cen  KapSoKCHJiaxHoro  KaynyKa  c s-KanpoiaKxaMOM  b npecce  npn 
200-220^^  HaSjiiOAaexcH  npHCoeAHHenne  s-KanpojiaKxaMa  k nay- 
’^yKy,  HO  peaKAHH  npoxeKaex  mbajibkho.  ycKopenna  peaKn;Hn 
SbiJiH  Hcnojib30BaHH  HaxpHH,  ycKopHK)in;HH  nojiHMepH3ai];HK)  e-Ka- 
HpojiaKxaMa,  h 9(|)Hpax  BF3, 

BjiHHHiie  iiaxpHH  II  o^iiipaxa  BFg  na  cKopocxb  peaKmiii 

KBCK,  coAepJKaiAHH  30%  cxnpojia  h 1,25%  MexaKpiiJioBoii 
KHCJioxbi,  aKCxparnpoBaHHHH  ai];exoHOM,  cMeniHBaJiH  c 16%  (no 
Becy)  s-KanpojiaKxana  Ha  MHKpoBajibH;ax.  Giviecb  narpeBajin  b 
ojieKxpuHecKOM  npecce  npn  pasjiHHHon  xeAinepaxype.  KojiHHecxBo 
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PhC.  1.  SaBHCHMOCTb  KOJIHHeCTBa  CBHSaH- 
Horo  e-KanpojiaKTaMa  ot  TeMnepaxypH 
npa  HarpeBaHHH  b npecce  0,5  'lac. 
i — e-KanpojiaKTaM*,  2 — Na-E-KanpoJiaKraM. 


BpeMP,  HQCbf 
Phc.  2.  KHHeTHKa  npiicoeAii- 

HeHHH  e-KanpajiaKTaMa  (i) 

II  Na-e-KaiipojiaKTaMa  {2) 
npii  iiarpeBaiiHii  b npecce 
npH  200°. 


Phc.  3.  KHHeTHKa  npHCoeAHHeHHH  e-KanpojiaKxaMa  npii  HarpeBariiin 
npecce  npii  220°  c e^HpaiOM  BF3.  KoHi^eHXpa^Hfl  e^npaxa  BF3: 
i-1%;  2-2%;  3-3%. 


16  3aK.  414 
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npncoeAHHeHHoro  s-KanpoJiaKTaMa  onpe^ejiajiH  no  MCTOAHKe,  onii- 
caHHOH  panee  [6],  KaK  bhaho  H3  pHC.l,KOJiHneGTBoNa-e'Kanpo- 
jiaKTaMa,  npHCoeAHHeHHoro3aO,5HaGa,  b2— Spasa  npeBumaeT  ko- 
jiHnecTBO  npHcoeAHHeHHoro  s-KanpoJiaKTaMa  3a  to  me  BpeMH.  Ha 
pHG.  2 npeACTaBJieHH  AaHHHe  no  KHneTHKeJ  npHCoeAHHeHun  Na- 
KanpojiaKTaMa  n s-KanpojiaKTaMa  npn  200®.  IIpnGoeAHHeHne  Na-* 
KanpOJiaKxaMa  npoTeKaex  c ropasAO  6oJiBnieH^  jCKopocTBio,  hgm 
npHCoeAHHenne  e-KanpoJiaKxaMa. 

Ha  pHG.  3 npeACTaBJieHH  A^Hnne  o KHHexHKe  npnGoeAHHennH 
s-KanpojiaKxaMa  npn  220®  b npneyxcTBHH  a^npaxa  BF3.  PeaKAiin 
c 3(J)iipaT0M  BF3  npoxeKaex  npH6jiH3HTejiBH0  e xon  H^e  cKopocxBK), 
HTo  H c Na'KanpoJiaKxaMOM.  C yBejinnenneM  KOJiiinecTBa  Kaxajinsa- 
Topa  necKOJiBKO  BoapacxaeT  KOJinnecTBO  nojiHKanpojiaKxaMa  (ro- 
MonoJiHMepa),  akcTparnpyeMoro  MypaBBHHOH  khcjiotoii. 

BaaHMOAeficTBne  Kay^yKOB  c pa^jimBbiM  coAepa<aHH€M 
KapSoKCHJibHbix  rpynn  c e-KanpojiaKTaMOM,  nojiHMepuByicmHMcn 
B npnCyTCTBHH  BOAbl 

^jifl  BBiflCHenna  bjihhhhh  coAep^naHHH  KapSoKCHJiBHLix  rpynn 
B KayayKe  n cooxHonieHHH  KanpojiaKxaM : KayayK  na  cocxaB  npo- 
AyKTOB  peaKAHH  6hjih  nocxaBJienH  obhth  c KayayKaiviH  c pasjiHH- 
HHM  coAepJKaHHeM  Kap6oKCHJiBHHX  rpynn.  CMeen  KayayKa  e Kanpo- 
jiaKxaMOM  roTOBHjiH  Ha  MHKpOBajiBn;ax  n nporpeBajiii  10  aac. 


Phc.  4.  SaBHCHMOCTB  KOJinaecTBa  npHCoeAHHenHoro  e-KaHpojiaK- 
TaMa  OT  ero  KOJiH^ecxBa,  BBeAennoro  b cmccb.  CoAepJKaHiie 
MeiaKpHJIOBOH  KHCJIOTM  B HOJIHMepe  15% . 

B sanaflHHHX  aMnyjiax  b axMOC(|)epe  aprona  npn  220®,  b npHcyxcx- 
BHH  1%  BOAH. 

B npoAyKxax  peaKAHU  onpeAejiflJin  coAepn^aHHe  npncoeAHHeH- 
Horo  s-KanpeJiaKTaMa,  ne  aKCTparnpyeMoro  aAexoHOM  11  MypaBBHHoii 
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KHCJioTon,  BecoBHM  MeTO^OM  II  iio  CBHsaHHOMy  a30Ty,.oii;eHHBaeMOMy 
4)OTOMeTpH'qecKii  [7],  a TaK»e  MHKpoMeTOflOM  KtejibflajiH  [8], 
PeayjibTaiH  npeflCTasjieHH  b Ta6ji.  1. 


T a 6 Ji  im  a 1 

IIpiicoeAHHeHiie  e-KanpojiaKxaMa  k KapSoKciijiaTHbiM  KayqyKaiM  npn  220® 
aa  10  Hac.  b npncyTCTBHH  1%  Bpj^bi 


^ fL 

3 ^ 

ra  S m 

S K ® 

Qi  O td  Np 
QJIO 

W P-  . 

o s 

§ • 

o s . 
w til  w 

So|C 
g O X 
£H  E 2 
•o  ® 5 

wSS 

% OT  BBeflCHHOro  e-KanpojiaKxaMa 

1 % OT  KayqyKa 

ar^eiOHo- 

BBjfi 

BKCTpaBT 

n 

H 

pO 

cyMMap- 

BKCTpaKT 

CBnsaHHBift 

KanpojiaK- 

TaM 

s 

3 K « 

"Is 

SB“t3 
m cs  O S 
o s B cr 

S E B 00 
"go" 

§SSg.  . 

1 

40 

12,5 

34,5 

47 

53 

21,2 

23,8 

1 

30 

13,4 

43,2 

56,6 

43;  4 

13 

1 

20 

31 ,4 

22,6 

54 

46 

9,2 

3 

30 

20,4 

22,2 

42,6 

57,4 

17,2 

- 

3 

301 

37,5 

30,0 

67,5 

32,5 

9 

— 

4 

50 

9,3 

67,4 

77 

23 

* 11,5 

■ 

4 

20 

13 

7 

20 

80 



16,0 

4 

301 

57,5 

4,5 

62 

38 

11,4 



5 

50 

14 

39 

53 

; 47 

23 

1 ■ 

5 

40 

25 

7,5 

32,5 

67,5 

— 

27 

5 

30 

24,6 

38,8 

63,4 

37;6 

11,6 

5 

20 

3 

17 

20 

80 

16 

14,8 

10 

20 

48,5 

27,5 

76,0 

24 

4,8 



10 

301 

27,8 

26,4 

54,2 

45,8 

13,7 

11,9  . 

15 

50 

10,3 

41 

51,3 

48,7 

24,3 

23 

15 

40 

26,7 

31,6 

58,3 

42,7 

17 

19,5 

15 

30 

18,2 

36,8 

55  ^ 

45 

13,5 

13,1 

15 

20 

29,2 

17,8 

47 

*53 

10,6 

9 

* CMecb  HarpeBajiii  b oxcyTCTBiie  bohli. 


Me>KAy  C0Aep>KaHiieM  KapSoKCHJibHHx  rpynn  b nojiHMepe  h ko*- 
jiH^ecTBOM  npHcoeAHHeHHoro  e-KanpojiaKTaMa  ne  o6Hapy}KeHo 
npHMOH  saBHCHMocTH.  B npHCyTCTBHH  Bojj,u  KOJiH^ecTBO  npHCoeAH- 
HeHHoro  s-KanpoJiaKTaMa  cyii3;ecTBeHH0  noBbimaeTCH.  Me>KAy  ko^h-. 
HecTBOM  BBeAeHHoro  b CMecB  KanpojiaKTaMa  h ero  KOJiH^ecTBOM, 
npHCoeAHHeHHLiM  K Kay^yKy,  naSjiioAaeTCH  JiHHeHHaH  aaBHCHMOCTb 
(pHC.  4).  . . 

IlpH  Bcex  HsyHeHHLix  cooTHonreHHRX  KayqyK : KanpojiaK- 
TaM  o6pa3yeTCH  GoJibinoe  KOJiiinecTBo  roMonojiHMepa  (iiojihtS- 
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KanpojiaKTaM).  IlpoffyKTbi  BaaHMOAeHCTBHa  HepacTBopHMbi  b 6eH- 
sojie,  A0M®THJi(|)opMaMHAe,  M-Kpeaone,  3THJiai];eTaTe,  ^enojie,  oa- 
HaKO  BHaHHxejibHO  Ha6yxaioT  KaK  b nenojiapnoM  pacTBopHxeJie 
(6eH3on),  TaK  h b noJiapnoM  (^THJIa^eTaT),  ii  oco6eHHo  b hx  cmbch 
(xa^Ji.  2).  9xh  peayjibxaxbi  CBHAexejibCXByioT  o ah4>h-«i>hocxh  npo- 
AyKxoB  BsaHMOAeHCXBHH,  oSycaoBjicHHOH  HaaHaHeM  b hhx  nojiap- 
HOH  H HenojiapHOH  aacTH. 

T a 6 Ji  I I u;  a 2 


PacTBopHMocTb  H HaSyxaHHe  ^po;^yKTOB  BaaHMOAencTBHfl  KBCK 
c e-KanpoaaKTaMOM  h nojmaMHAaMK 
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— 

— 
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4 

d;hh  c H2O 

To  Hce 

16,0 





— 
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380 

1 

npHCoeAHHenne 
HaHJiona  66  co  cxe- 
neHbH)  noJiHMepH- 
aariHH  11 , KOHn,eBbie 

7,94 

41,3 

40,52 

62,62 

1078,0 

404,0 

2216 

1,25^ 

rpynnH — NH2^ 
XIpHCoeAHHeHne 

4,21o/o 

58,5 

i5;o 

100 

6230 

282,0 

PacT- 

BOpH- 

AHKjiOB  e-Kanpo- 
jiaKxaMa  ^ 

exca 

» PeaKy;nio  npOBOAHjiii  c Kay^yKaMH,  oSpaoOTanHtlMS,  thohhjixjiophaom. 


BaaiiMOAeficTBHe  s-Kari|)6/i&K^aMa 
H noJiHa]viHA,OB  c KaynyKaMH,  oSpttSoraHHbiMH 

THOHHJlXJlOpH^OM 

TaK  peaKii;HH  s-KanpojiaKTaMa  c KBCK  tipoxeKaeT  npii 

bhcokoh  TeMnepaxype,  BH3HBaiorn.eH:  yxyAineHne  cbohgtb  Kay^yna 
BCJieflCTBHB  AecTpyKn;HH,  6HJia  nay^ena  B03M0>KH0CTb  CHHTeaa, 
HAymero  ^epe3  CTaAnio  BBeAennH  b MOJieKyJiy  KaynyKa  6oJiee  peaK- 
t^HOHHopnoGojSHLix  rpynn,  hgm  KapGoKCHJibHtie.  KBCK  npGABapH- 

TeJibHo  oSpaSATbiBaJiHTHOHHJixjiopHAOM  B paGTBope  HJIHB  mecHTejie, 
^)6eGpeHHBa]^n;f,eM  bosmojkhogtb  CMemeHHH  b axMOGij^epB  unepT^ 
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Horo  rasa.  HsBecxHo,  hto  thohhjixjioph^  peanipyex  c Kap6oKCHjib- 
HbiMH  rpynnaMH  [9],  no  cxeMe; 

RCOOH  + SOCI2  ^ RCOCr+  SO2+HCI. 

Bhjio  noKasano,  hto  KECK,  o6pa6oTaHHHH  thohhjixjiophaom, 
pearnpyex  c s-KanpojiaKTaMOM,  Na-KanpoJiaKxaMOM,  Na-nojiiiKa- 
npojiaKxaMOM  h Na-nojiHreKcaMexHJieHAHaMHHoa^HnnHaxoM  na  xo- 
jiOAy  H npH  HarpesaHHH  KaK  b pacxBopax,  xaK  h b CMecnxejie.  Ilpn 
npoBeAeHHH  peaKD;Hii  b CMecnxejie  oSpasyioxca  nacxHHHo  cxpyK- 
xypHpoBaHHHe  nojiHMepw.  Na-KanpoJiaKxaivi  n Na-saMemeHHHe 
nojiHaMHAM  pearnpyiox  xanjKe  c 6poMHpoBaHHHMH  naxypajibHHM 
II  Syxa^neH-cxHpojibHLiM  KaynyKaMH.  EnjianpoBe^ena  cepnH  ohh- 
TOB  c KaynyKaMH,  coAepjKamnMH  pasjiH^Hoe  KOJinnecxBO  cxHpojia 
II  MexaKpHJiOBOH  KHCJiOTLi,  npimeM  nojiyneHHtie  npoflyKxu,  ho-bhah* 
MOMy,  HMejiH  cjieAyH)ni;ee  cxpoenne: 


CHa  — GH  — GH  — GHs  — [GHg  — GH  = GH  GHa]^  — 

I I 
SO  G1 

I 

N 

/\ 


H2G 

G=0 

I 

I 

HaG 

CH2 

I 

H2G 

j 

— CH2 

CH3 

— GH2- 

I 

-C  — CHa 

1 

1 

GO 

N 


•GH  =GH-- 


H2G  G = 0 • 

I .|  • , ..  . . 

H2G  GHa  

I I ■'  ■"  ^ ■' 

HsG  — GHa 

HayHemie  cneKxpoB  norjiomeHHH  (piic.  5)  noKasHBaex,  hto  no- 
jiyneHHHe  npoAynxH  norjiomaiox  cnjibHee,  neMHCxoAHue  KayHyKn7 
B o6jiacxH  1630—1700  nxo  cooxsexcxByex  cnjibnoMy  norjio- 
meniiio  aMHAOB,  11  b o6jiacxH  1280 — 1300  hxo  cooxBexcxByex 

norjioiAeHHH)  coeAHnennH,  coAepHcamnx  cbhsh  S = 0 h — s (0)  — N<^ 

B BXOH  oOjiacxH  cneKxpa  [10].  Haynenne  aAreann  noJiynennHX  npo- 
AyKXOB  K noJinaMHAHHM  njienKaM  (xaSji.'  3)  nonasajio,  nxo  aAreann 
K nojinaMHAaM  npH  noBLimennon  xeMnepaxype  KJieeBoro  maa  ana- 
niixejiBHo  noBBimaexcH. 
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npHCOeAHHGHHe  THOHUJIXJIOpHAa  K ABOHHHM  CBfl3HM  6hJIO  nOA“ 
TBepjKAeHo  TGM,  TITO  HaTypajibHWH  KayqyK,  o6pa6oTaHHHH  thohhji- 
XJIOpHAOM,  TaKHCG  BSaHMOAGHCTByGT  C S-KanpOJiaKTaMOM  Ha  XOJIOAy 
c o6pa30BaHHGM  npoAyKTa,  coAepJKamoro  9—10%  hphcogahhgh- 
Horo  s-KanpojiaKTaMa.  IIpH  BsanMOAGHCTBim  MGxirjiOBoro  a(j)Hpa 


Phc.  5.  CneKTpH  norjiomeHHH  npoAyKTOB  BaaiiMOAeficTBim 
KayqyKOB  c e-KanpojiaKiaMOM. 

HCxOAHHtt  OyraAHeHOBLifi  KayqyK  c 1,25%  MeTaKpHjiOBOft  KHcaoru; 
2,5— KayqyK  c 5,6%  ahkjiob  KanpojiaKTaMa. 


aMHHOKanpoHOBOH  KHCJiOTti  Ha  xojiOAy  c KayqyKOM,  C0Aep>KamHM 
1,25%  MeTaKpHflOBOH  KHCJIOTH,  o6pa3yiOTCH  COJIII  aMHHOKanpo- 
HOBOH  KHCJIOTH,  HMCiomHe  CTpooHne: 

CHs 

— CHa  — CH  = CH  — CH,  — C — CHa  — CHa  — CH  = CH  — CH2  — 

,i.o 

<5 

■ I 

NH3 

, ■ I ■ . 

(CH2)5 

" ■ I . . 

H3CO  — c=o  ■ 
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IIoJiyHeHHKie  cojih  TaKHce  oS^ia^aiOT  noBBimenHOH  aAreaHen  k no- 
jiHaMHAHHM  njieHKaM  (xafiji.  3). 

TaSjiHua  3 

AAreaHH  MOAn^^Hi^npOBaHHiiix  npo^yRToe  k noanaMH^HbiM  njienKaM 


CoCTas  ncxojlHUX 
Kay^yKOB 

a 

ed 
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TeMnepaxypa  nporpeea  cKjieeHHux  oOpaanoB 
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OnBiTH  He  Ay^JinponajiH  na-aa  dojibuiofi 

12 

30 

3,0 

20,0 

wecTKOcTH  cKJieeHHHx  oGpaaaoB 
(npH  20°). 

M — 4 — cojib  MeTHJiOBoro  8$Hpa  c-aMHHOKanpOHOBOfi  khcjidtu;  5 — il  — KayqyK  c 
niiKJiaMH  E-KanpoJiaKxaMa;  12— Kay^yK  c noJiH-e-Kanpoji  aKTaMOM, 


AsTopu  BiiipajKaiGT  6jiar0AapH0CTi>  IlaBJiOBy  sa  CHHiHe  MK- 
•cneKTpoB  H CMeJiOH  aa  onpeAejieHHe  aAresHu  o6pa3ii;oB,  a xaKH^e 
npo(j[),  J^oraAKHHy,  jipo<|).  BoK>n,KOMy  h BaKyjie  aa  o6cy>KAeHHe 
peayjibxaTOB. 
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Summary 

Mixtures^  of  carboxylated  buta;dienestyrene  rubbers  contain- 
ing at  30%  styrene,  1,  3,  4,  5, 1 10“  and  15%  methacrylic.acid 
(MAC)  have.been  investigated  with  e-caprolactam  in  a melt  or  in 
masticated  mixtures  for  10  hours  at  220®.  The  lactam  has  been 
found  to  add  to  the  rubber'  both  in  the  presence  and  in  the  absence 
of  water,  as  was  shown  by  extraction  of  the  resultant  specimens 
with  acetone,  followed  by  fbrmid  acid  and  determination  of 
nitrogen  in  the  extracts. 

The  compression  heating  of  carboxylated  butadienestyrene 
rubber,  containing  at  30%  styrene  1 % methacrylic  acid,  with 
s-caprolactam  at  200—220®  leads  to  addition  of  the  lactam  to 
the  rubber.  BF3  served  as  reaction  catalyst.  . 

Methods  have  been  developed  for  the  synthesis  of  graft  and 
modified  carboxylated  butadienestyrene  rubbers  and  polyamides 
through  the  stage  of  rubber  acid  chlorides  and  sodium  (potassium) 
derivatives  of'  the  polyamides. 

The  rubber  acid  chlorides  are  obtained  according  to  the  reac- 
tion: 

R 0 R 0 

CHs  — C — + SO.CJz  ^ CH3  — G — C ^ + SO2  + HCI 

R ^OH  , R Cl 

The  polyamide  derivatives,  according  to  the  reaction: 

CO  — CH2  — GH2  CO  — CH2  — GHa 


+.  Na  NaN 


CH2  — GHa— GHa 
CO  - GHa  ^ GHa 


CH2— CH2— GHa 


CO  -CH2-GH2 


and  Na  — N 


-PmHN 


GHa— CHa— CH2  GHa— GHa— GHa 

• GO  [NH  (GH2)5—  CO]^  — N — (CH2)5  CONH  (GH2)5  COONa 


- NaNH  (GH2)5- 
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Modification  of  the  carboxylated  butadienestyrene  rubber’witlc! 
s-caprolactam  has  been  carried  out  according  to  the  reaction: 


O 

R — + Na  — 

\ 

Cl 


CO  — CHa—  CHa 
\ . 

CHa— CHa  — CHa 


► R — C CO  — CHa  — CHa 

\ / 

N 


+ NaCl 


CHa— CHa  — CHa 


0 CO  — CHa— CHo 

/ 

or  R — C + HN 

\ \ 

Cl  CHa— CHa— CiHa 

0 

y • • ^ 

- R - C CO  — CHa  — CHa 

\ / 

N + HCl 

\ 

CHa  — CHa  — CHa 


Rubbers  were  employed  with  a MAC  content  of  0.3  to  10%^ 
The  modified  rubbers  possess  greater  strength  characteristics' 
than  the  original  carboxylated  polymers.  They  are  less  soluble 
in  pure  benzene  and  soluble  in  benzene-ethyl  acetate  mixtures,. 

Insoluble  cross-linked  polymers  are  obtained  on  reaction  of 
the  rubber  acid  chlorides  with  sodium  substituted  polyamides.. 
Under  particular  conditions  soluble  products  are  formed. 

The  products  possess  enhanced  adhesion  to  polyamide  films 
and  ensure  a strong  bonding  between  rubber  and  fabric  in  rubber- 
textile  goods. 


Resume 

On  chauffait  pendant  10  heures  a 220°  les  melanges  des  caout- 
choucs butadiene-styroleniques  carboxyl es,  contenant  a 30%  de- 
styrolene  1,  3,  4,  5,  10etl5%  d’acidemethyacrylique(AMA)  avec: 
r e-caprolactame  en  fusion  ou  en  melanges  malaxes. 

On  observe  Taddition  de  s-caprolactame  au  caoutchouc  en 
presence  d'eau  aussi  bien  qu'en  son  absence  ce  qui  est  prouve- 
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par  rextraction  des  echantillons  obtenus  a I’aide  d ’acetone,  puis 
•d’acide  fumarique  et  par  1 ’identification  de  la  teneur  eri  azote 
■des  produits  extraits.. 

En  chauffant  les  melanges  du  caoutchouc  styrolene-butadieni- 
•que  carboxyl es  contenant  pour  30%  destyrolenel  % d’acide  meth- 
acrylique  avec  1’ e-caprolactam  sous  pression,  a 200 — 250®  C 
on  observe  Taddition  d’ e-caprolactame  au  caoutchouc.  Comme 
■catalyseur  est  employe  BF3. 

On  a mis  au  point  les  methodes  de  la  syn these  des  polymeres 
•greffes  et  modifies  du  caoutchouc  styrolene-butadienique  et  des 
polyamides  via  les  stades  du  chlorure  d’acide  de  caoutchouc  et 
•de  polyamide  substitue  par  sodium  ou  potassium. 

Le  chlorure  d’acide  est  obtenu  selon  le  schema: 


R 0 R 0 

CHs— C-C^  +SOCl2-»CH3-C-C'*^  + SO2  + HCl 

I \ - I V. 

R OH  R Cl 


Les  polyamides  substitues  etaient  obtenus  suivant  le  schema: 


QO-CH2-CH2 


+ Na-^  NaN 


CHa—CHs  — CHs 


GO-GH2-GH2 


GH2-GH2-GH2 


GO  — GH2  — GH2  ' 

NaN"^  +.m  UN 

\ \ 

CH2  — GH2  — GH2  . < 


CO  - GHa  — GH2 


GH2— GH2— GH 


NaNH  - (GH2)5-  CO  [NH  (GH2)5  - CO]^  — 

_N-(CH2)5  — C0NH(CH2)5  COONa 

I - 

H 

On  a realise  la  modification  du  caoutchouc  styroltee  — butadi6- 
mque  carboxyle  par  s-caprolactame  selon  le  schema: 

0 GO-CH2—  GHa 

* ^ / 

R-G  , +NaN  -> 

\l  \h2-GHj-CH2 
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R GO  - GHa  — CHg 

\ / 

N 

GH2-GH2—CH 


+ NaGl 


(OU 


0 GO  — GHa— CHr 

y / 

iR-G  + HN 

'^Gl  "^CHa-'GHa-CHa 


0 


->R-G  GO  — GHa  — GHa 

:+  HCl 

\ 

GHa  — GHa  — GHa 


On  a employe  des  caoutchoucs  dont  la  teneur  eh  AMA  allait 
de  0,3%  a 10%. 

Les  caoutchoucs  modifies  possedent  une  plus  grande  resistance 
^ue  les  polymeres  carboxyles,  dissolvent  pis  dans  le  benzene  pur  et 
bien  dans  les  melanges  de  benzene  avec  I’acetate  d^ethyle.* 

Lors  de  la  reaction  du  chlorure  d’acide  du  caoutchouc  avec 
les  polyamides  substitues  par  Na  dans  un  melangeur  on  obtient 
<ies  produits  greffes  insolubles.  Les  produits  solubles  sont  obtenus 
par  syn these  dans  des  conditions  speciales. 

Les  produits  obtenus  possedent  une  adhesion  elevee  envers 
les  films  polyamidi-ques  et  assurent  une  haute  stabilite  de  la 
liaison  entre  le  caoutchouciet  les  elements  de  tissu  dans  les  articles 
•en  tissus  caoutchoutes. 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


CHHTE3  nPHBHTblX  COnOJlMMEPOB  METOfl,OM 
nEPE3TEPH<DHKAri;HH 

l\  C.  K o e cmiuo  6^  H san  X a h ~ m u n 
• (CCCP) 


HaMH  6hjio  HaH^eHO,  ^to  npHBHTHe  conoJiKMepti  MoryT  Sht^ 
nojiyHeHH  peaKn;HeH  nepeaTepH^HKau;™,  npoBOj^HMon  uemjs^y  re- 
Tepou,enHHMH  cjioh^hhmh  nojiHa^npaMH  h Kap6oii,enHhiM  cjiokhhmi 

nojiH34>HpoM  — nojiHMeTHJiMexaKpHJiaTOM  [1—3].  B Tex  cjiy^anx, 
KorAa  npHBHBaeMHH  reTepouienHOH  nojina^Hp  HMeex  KpHCTajuime- 
CKyK)  cxpyKxypy,  hphbhthh  conojiHMep  xaKHte  HMeex  KpHCxajiJiH- 
necKyio  hjih  raBOKpHCxajiJiHTOCKyio  cxpyKxypy;  ecjiH  H^e  npHBHBae- 
MHH ii0JiH3$Hp  aMOp^en,  TO  b peayjibxaxe  hphbhbkh  nojiynaeTCH: 
aMOp^HHH  npHBHTHH  COHOJIHMep,  CxeneHb  KpHCTaJUIH^HOCTH  npii- 
BHToro  conojiHMepa  BaBHcnx  ox  nncjia  npiiBHXHX  Sokobbix  u,eneH, 
npHXOAHn],HXCH  na  o^ho  h to  nee  tocjio  ajieMenxapHHX  sBeHbeB- 

OCHOBHOH  ii,enH  aMop^Horo  nojiHMepa. 

ycxaHOBJieno,  hto  b peaKii;HK)  nepe3TepH(|)HKaii;HH  Bcxynaer 
Becb  B3HTHH  nojiHMexHJiMexaKpHJiax;  b to  H^e  BpeMH  scerAa  oexaex- 
CH  Hacxb  cjiojKHoro  rexepoi^enHoro  nojiH3(|)Hpa,  He  BCxynHEmero^ 
B peaKii;Hio.  IlpH  BsaiiMOAeHCXBHH  nojiHneHxaMexHJieHTHOAHBajiepH- 
anaxa  c nojiHMexHJiMexaKpHJiaxoM  o6pa3yK)TCH  npHBHXHe  cohojih- 
Mepbi,  co^epjKaHHe  cepH  b KOxopHX  npHMO  nponopHnonajibHo  co- 
^epjKaHHK)  nojiHneHTaMexHJieHTHOAHBajiepHaHaxa  b hcxoahoh  cmo- 
CH  nojiHMepoB. 

yBejiHHeHHe  hhcjib  hphbhthx  6okobhx  n;eneH  conpoBOTKAaexcH 
HOHHH^eHHeM  XapaKTepHCTHHCCKOH  Bfl3KOCTH  H yBeJIHHeHHeM  KOH- 
cxaHTH  XarrHHca.  IloHHJKeHHe  xapaKxepHCXHHecKOH  babkocth 
He  HBjiaexcH  cjieACXBHeM  AecxpyKHHH  ochobhoh  n;enH,  xaK  Kaic 
MexaHOJIHB  HpHBIITHX  COHOJIHMepOB  npHBOAHT  K pereHepai];HH  HC- 
xoAHoro  nojiHMeTiiJiMexaKpHJiaxa.  yBejinHenne  KOHCxanTBi  XarrHH- 
ca yKaaHBaex  na  noBHineHHe  CHMMexpHH  KJiySKa,  b KOXopBiH  cbo- 
paHHBSUBTCH  MOJiCKyjia  npHBHToro  conojiHMepa  b pacxBope,  TaKoe 
CBOpaHHBaHHe  MOJKex  npOHCXOAHTb  BCJieACTBHe  BSaHMOAeHCTBHH 
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^OKOBLix  ii^eneH  reTepoii;enHoro  nojiHa(J)Hpa,  npiiBOAHmero  k o6pa- 
30BaHHK)  o6jiacTeH  KpHCTajuinnecKOH  CTpyKTypu.  PacTBopM  xaKnx 
CBepHyxMX  MOJieKyji  6yAyT  HMexB  MeHbmyio  BHSKOCXb,  hxo  h naSjiio- 
ji,aJiocb  HaMH  y Bcex  npHsnxHX  cono^xHMepoB,  nojiyneHHHx  npH- 
BHBKOH  KpncxaJiJiHHecKHX  rexepoAenHbix  nojiiia(J)HpoB  na  no- 
jiHMexajiMexaKpHJiax. 

Ha  pnc.  1 npHBeAGHO  HBMenenHe  xapaKxepiicxiiHecKoii  bhb- 
.KOCXH  H KOHCxaHXH  XamiH- 


<5a  y npHBHXbix  conoJiHMe- 
poB,  nojiyneHHbix  h3  nojiHMe- 
THJiMexaKpHJiaxa  ii  nojinaxH- 
.jieHce6an,HHaxa  hjih  nojinneH- 
xaMexiiJieHXHOAHBajiepiiaHaxa  b 

SaBHCHMOCXH  OX  COABp^KaHHB 

»cjio>KHoro  rexepoii,enHoro  nojiH- 
a^Hpa  B hcxoahoh  cMecii  hojih- 
MepoB.  HHxepecHO  oxMexHXb, 
nxo  B cjiy^ae  npHsuBKH  no- 
.jiii3XHJieHce6aii,HHaxa  xapaKxe- 
,pHCXOTeCKaH  BHSKOCXb  nOHH- 
■^aexcH  Sbicxpee,  b cjiy^ae 
npHBHBKH  noJinneHxaMexHJieH- 
■XHOAnBajiepHaHaxa;  Koncxanxa 
Xarmnca  Bospacxaex  6HCxpee 
xaK>Ke  B cjiynae  npiiBiiBKH  no- 
AH3XHJieHce6an;HHaxa.  9xo  mo- 
>Kex  6bixb  o6bHCHeHo  xom,  hxo 
jipHBHXbie  u,enH  noJiHBXHJien- 
.ce6an,HHaxa  BsanMOABHCXByiox 
Apyr  c ApyroM  ciiJibnee,  neM 
;ii;emi  nojiHnenxaiviexHJieHXHOAH- 
Bajiepnanaxa;  b nocJieAHHX  ox- 
HociixejibHoe  coAepjKaHne  cjio- 
}KH03(J)HpHbix  rpynn,  oxbox- 
xxbohhhx,  no-BiiAHMOMy,  3a 
TaKoe  BsaiiMOAeHCXBne,  MOHb- 
me  H,  KpoMe  xoro,  n;enH  nojin- 

neHxaMexHJieHXHOAnBajiepnaHaxa 


K-  IV] 


conojiHMepoB. 

I — xapaKTepiicTiiqecKaH  BHSKOCTb  npiiBii- 
Toro  conojiiiMepa  pi 3 nojiiiMeTiiJiMeTaKpiiJiaTa 

II  noJiHneHTaMeTiiJieHTiionnBajiepnaHaTa  (co- 
noJiHMep  1),  2 — xapaKTepHCTinecKan  bhs- 
KOCTb  npiiBiiTOro  conojiHMepa  113  noJiiiMeTPiJi- 

MeTaKpiiJiaTa  ii  nojni9TiiJieHce6amiHaTa  (co* 
noJiHMCp  2),  S — KOHCTanTa  XarniHca  cono- 
jiiiMCpa  1,  4^— KOHCTaura  XarniHca  conojin- 
Mepa  2. 


Menee  jkocxhh,  xbk  KaK  ohii 


COABp®BT  aXOMH  COpbl. 

Haynenne  xepMOMexaHHnecKHX  cbohcxb  nojiy^enHHX  npiiBHXbix 
conojiHMepoB  noKaaaJio,  ^xo  npHBHBKOH  KpiicxajiJiH^ecKHX  rexe- 
pon;enHbix  noJina^iipOB  na  nojiHMexnjiMexaKpnjiax  xeMnepaxypa 
pasMHr^eHHH  nojiHMexHJiMexaKpnjiaxa  Moacex  6bixb  noBbimeHa. 
Ha  pnc.  2 npHBeAOHbi  xepMOMexaHH^ecKne  KpHBHe  npHBuxbix  co- 
noJiHMepOB,  o6jiaAaK)iAHX  bhcokoh  xeMnepaxypoii  paaMBr^eniiH. 
CjieAyex  oxMexnxb,  hto  xennepaxypa  pa3MHr^ieimH  nppiBiixwx 
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conojiHMepoB  saBHCHT  KaK  OT  npHpoAM  HpHBHBaeMoro  nojiHa(|)Hpa^ 
TaK  H OT  HHCJia  npHBHTHX  60KOBBIX  HeneH.  IIpHBHTBie  COHOJIHMepLE 
c HaHJiy^miiMH  TepMOMexaHHHecKHMH  CBOHCTBaMH  nojiy^aioTCKj 
npH  onTHMajibHHX  cooTHomeHHHX  pearnpyiomHX  Beiu;ecTB.  IIobh- 
raenne  xeMnepaTypu  paaMHrneHHH  npHBHXMX  conojiHMepoB  MOHcer 
6mtl  o^bHCHeHo  CTpyKTypnpoBaHHeM  BCJieji:cTBHe  o6pa30BaHH» 
o6jiacTeH  KpHCTajiJiiiHecKoro  CTpoenna,  BKJiioaaTomHx  npHBHXHe* 
j^eniL  necKOJiBKHX  ochobhhx  n;eneH;  npnBHXHe  n;enii  o^hoh  ochob- 
HOH  D;enH  Moryx  yaaCTBOBaxi,  b o6pa30BaHHH  necKOJiBKiix  oGjia-- 

e: 

100 

80\ 

60 

uo 

zo 

0 50  100  150  ZOO  Z50  . 300^ 

leMneparn(jpa\.  C: 

Phc.  2.  TepMCMoxanHHecKMc  cBoiicTBa  npHBiiTLix  conojinMepoB; 

1 — nojiHMeTHjiMeTaKpiijiaT-nojra9THjieHa3eJiaHHaT  (1:1),  ^-nojiiiMerujiMeT- 

aKpHjiaT-nojiH8THjieHce6aBHHaT  (2:1),  s — nojiHMerHjiMeTaFpHnaT-CMe- 

maRHbid  nojraa$Hp  I [2]  (1  : 1>,  4 — nojiHMeTHJiMeTaKpnnaT-noJiimeHr- 
TaMeTHjieHTHop;HBajiepHaHaT  (5  ::i)- 


cxeii  KpHCTajiJiH^ecKOH  cxpyKTypbi.  TaKHM'o6pa30M,  o6pa30BaHHe- 
o6jiacTeH  KpHCxaJiJiHHecKOH  cxpyKxypH  mohcho  cpaBHHXb  c ByjiKa- 
HH3au;HeH,  npHBOAHin;eH  k o6pa30BaHHK)  jia6HJibHbix  nonepenHHX 
CBBsen. 

ripHBHBKa  cjiOH«Hbix  reTepou,enHHX  nojiH3(|)HpoB  Ha  noJiHMe- 
xHJiMexaKpHJiax  Bjinnex  h na  MexaHHnecKHe  CBOHCXBa  nojiynaio- 
in,HxcH  npHBHXHx  conojiHMepoB.  Ha  pnc.  3 b Kanecxse  npHMepa 
npHBeAeHH  npoHHocxb  na  paapuB  h paapHBHbie  y^jiKHennH  njie- 
HOK  npHBHXbix  conojiHMepoB  pasjiHHHoro  cocxaBa,  noJiyneHHHX 
H3  nojiHMexiiJiMexaKpHJiaxa  h nojiHneHxaMexHjieHTHOflHBajiepHa- 
Haxa;  hjichkh  nojiynajiH  npeccoBaHneM  npn  350—400°.  Ha  pnc.  3- 
bhaho,  hxo  yBejiHHeHHe  coAepn^aHHH  rexeponienHoro  nojiHa^npai 
B HcxoAHoii  CMecH  nojiHMepoB  npHBOflHx  K yMeHbmeHHK)  paapHB^ 
HOH  npoHHocxH  HpHBHxoro  ‘ conojiHMepa;  o^HCBpeMenHo  npoHCXO- 
AHx  yBejiHHGHHe  paapuBHoro  yAJiHHenHH  h hjighkh  cxaHOBHXCa 
Qojiee  ajiacxHHHHMH.  AnajiorHHHo  Be^yx  ceda  npHBHXHe  cohojih- 
MepH,  HOJiyHeHHbie  na  Apyrnx  rexepoAenHHX  nojiHa(J)HpoB.  yMenb- 
meHHe  npoanocxH  na  paapHB  no  Mepe  yBejiHaenna  HHCJia*npHBHTHX 
n;eneH  o6x>HCHaexcH  yBejiHaenneM  paccxoHHHH  Me>KAy  ocHOBHbrMH 
AenaMH  na  6ojrbmeH  npoxajKenHocxH  3XHX:peneH*,  yMenbrnenneM^ 

238 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


njioTHOCTM  ynaKOBKH  no  Mepe  pocTa  TOCJia  Sokobhx  n;eneH.  Csep- 
THBanne  MOJieKyji  b KJiy6KH,  o hgm  6hjio  CKaaano  panee,  h yBejin- 
^enne  paccTOHHHH  MejK^y  ochobhhmh.  ii;enflMn  noBHmaeT  cnoco6- 
HOCTb  npHBHTBIX  COnOJIHMepOB  K Ae$OpMaii;HflM,  HTO  II  npOHBJIHeTCB» 
B yBejiH^eHHH  paaptiBHoro  y^jinnennH. 

BaanMOAenCTBiie  nojinMeTHJiMeTaKpiijiaTac TeTepon;enHHMH  cjiojk- 
HiaMHnojiH3(|)HpaMH,  npn-  , * 

BOAHmee  K oSpaaoBannio  hc/cm^ 

npHBHTHX  COnOJIHMepOB, 
npoxeKaeT  c AOCTaTonno 
BHCOKOH  CKOpOCTBIO.  B 
KanecTBe  npHMepa  na 
puc.  4 noKasan  bhxoa 
npMBHToro  conoJiHMepa 
npn  pasjiHHHHx  xeMnepa- 
Typax  b aaBHCHMocTH  ot 
npOAOJIJKHTeJIBHOCTH  pe- 
aKAHH  MejKAy  paBHOBe- 
COBHMH  KOJimeCTBaMH 
nojiHMeTHjiMeTaKpHJiaxa 
n nojiHneHTaMeTHJieHTHo- 
AiiBajiepnaHaTa. 

HaMH  6hjio  ycxanoB- 
JieHO,  HTO  npHBHTHe  CO- 
nOJIHMepH  C OCHOBHOH 
nOJIHMCTHJIMeTaKpHJiaT- 
HOH  n;enbK)  h Sokobhmh 
nOJIH3(|)HpHHMH  ACnUMH 
Moryx  6uTh  CHHxeanpo- 
BaHLi  HarpeBaniieM  CMe- 
cen  MexHJiMGxaKpHJiaxa 
C aJIH(J)aXH^eCKHMH  (O-OK- 
CHKHCJIOXaMH  B npHcyxcT- 

BHH  KaxajiHsaxopoB,  HanpHMcp  n-xojiyojicyjib(J)OKHCJioxH.  npnBHXHe' 
conojiHMepu  oSpaayioxcH  b peayjibxaxe  OAHOBpeMeHHoro  xeneniiH 
peaKAHH  nojiHMepHsaAHH,  nojiHKOHAeHcan;nH  n nepeaTepH^HKaAiiir.. 
yBejiOTeHHe  coAepjKanHH  okchkhcjioxh,  nanpnMep  co-oKcnnejiap- 
rOHOBOH  KHCJIOXH,  B HCXOAHOH  CMCCH  MOHOMCpOB  npHBOAHX  K HO- 
HH^ceHHK)  xapaKxepncxHBLecKOH  Bfl3KOCxii  oSpaayioiAHxcH  npnBn- 
XHX  conojiHMepoB  (cm.  pnc.  5).  HHxepecHo  oxMexnxb,  hxo  nojiiiMC- 
xHJiMexaKpHJiax,  nojiy^ennuH  b peayjibxaxe  Mexanojinsa  hphbhthx 
conojiHMepoB,  HMeex  6ojiee  BticoKyio  xapaKxepncxHHecKyio  bhs- 
KOCTb,  cooxBexcxByioiAHH  npHBHXHH  conoJiHMep.  9x0  ynasbi- 
Baex  Ha  xo,  hxo  MOJieKyjiu  nojiyqeHHijx  xaKHM  mgxoaom  npnBiiXHx 
conojiHMepoB  CBepHyxbi  b KJiySKH.  yMenbrnenne  ochobhoh 

nojiHMeTHJiMexaKpujiaxHOH  ii;enH  no  Mepe  yBejiHHennH  eoAepH^aHiin 


Phc.  3.  Mexaiin^ecKne  CBOHCTBa  npHBiiTbix 
conojiHMepoB  h3  nojiHMeTHJiMeTaKpHJiaxa  i® 
noJiHneHTaMeTHJieHTHOAHBajiepHaHaTa,  bsh- 
TMX  B COOTHOIUeHHH:  1 — 1:0,  2 — 10*1 
3 — 10  : 2,  4 ^ 10  : 4,  5 ~ 10  : 7, 

5 — 10  : 10,  7 — 10  : 15 
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npodd/iH<ume/ibHocmb  peatmuu,MUH 

Phc.  4.  Bjihhhhg  npOAOJi?KHTeJitHOCTH^  peaKii;HH  na  bbixoa  npii- 
BHToro  conoJiHMepa  XnoJiHMexHJiMeTaKpHJiaT:  nojinnenTaMe- 
TMjieHTHOAHBajiepHanaT  = 1 : 1).  1 — 69°,  2 ~ 75°,  3—  90°, 

4 - 120°. 


0 oz  op  0,6  0,8  1,0 

ZodepmoHue  w-ot^cunenapzoHodoQ  nuc/iombi 
d CM  ecu  MOHOMepo6,MOJiu 


Phc.  5.  XapaKTepHCXH^ecKaa  bh3kocti>  npHBHXHX  conoJiHMepoB 
Ha  MexHJiMGxaKpHJiaxa  h (o-oKCHnejiaproHOBOH  khcjioxbi  h pere- 
HepHpoBaHHoro  H3  HHX  nojiHMGXHJiMexaKpHJiaxa  (O). 
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o)-oKCHnenaproHOBOH  khcjiotu  b hcxoahoh  cmbch  MOHOMepoB  ofiiaG- 
HaeTCfl  TBM,  HTo  OKCHKHCjioTa  0 no009(J)Hp,  oSpasyiomHHCH  B pe- 
ayjibTaTe  ee  nojiHKOHseHcapHH,  hbjihiotch  peryjiaTopaMH  pocra 
0600  noji0MeT0jiMeTaKp0jiaTa.  IIoflTBepHCAeHae  loro,  axo  0000- 
3$Hp  xaKJKe  asaHexcH  peryaHxopoM  pocxa  0000  mh  b0A0m  b xom 
0x0  np0  oo00Mep03a000  Mex00MexaKp00axa  b 0p0cyxcxB00  0000- 
'9$0pa,  no0y0eHBoro  0O00KOH0eHca00e0  w-oKC00e0aproHOBO0  k0c- 
0OXH,  0OBHmea0e  KOH0eHxpa000  oo003$0pa  0p0BO00x  k 0000506- 
0010  xapaKxep0cx00ecKO0  Bfl3Kocx0  kbk  o6pa3yK)o^0xcH  0p0B0XHx 
co0O00MepoB,  TaK  0 0O00Mex00MexaKp00axa,  0O0y0eHHoro  nexa- 

H0JIH30M  nOCJie/^HHX. 

HaMH  6hjio  HaHfleno,  hto  npHBHTHe  conojiHMepu,  b KOTopLix 
ocHOBHaH  D;eni>  oSpaBOBana  nojiHMeTHJiMexaKpHJiaTOM,  a 6oKOBHe 
j\eiiM  — cjio)KHtiMH  rexepo^enHHMH  nojiH3(|)HpaMH,  Moryx  6hxi> 
nojiyHGHH  conojiHMepHBaniHeH  MexHjiMexaKpHjiaxa  c npoAyKxoM 
BsaHMOAencxBHH  xjiopaHrHApHAa  MexaKpnjioBOH  khcjioxh  c hojih- 
3(})HpOM,  CHHXeBHpOBaHHHM  ^OJIHKOHAeHCa^HeH  KaKOH-JIH6o 
ajiH^axH’iecKOH  okchkhcjioxh.  9xox  mgxoa  noasojiHGx  nojiyqaxb  npii- 

BHXHG  COnOJlHMGpH  C JKGJiaGMHM  TOCJIOM  6oKOBI)IX  U;GIIGH  OnpG^GJIGH- 
Horo  CXpOGHHH  H C JKGJiaGMOH  3XHX  60KOBHX  n;eiIGH.  OCHOB- 

HHG  SaKOHOMGpHOCXH  3X0H  pGaK^HH  H CBOHCXBa  HOJiy^aGMHX  npH> 
BHXHX  COnOJIHMGpOB  HSy^aiOXCH. 
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3.  r.  C.  K 0 JI  e C H H K 0 B, 

coe^.,  1,  1733,  1959.' 


u;  3 3 H X a H b - M H H,  HsB.  AH  CCCP, 
HI  3 3 H X a H b - M II  H,  BbICOKOMOJieK. 
H 3 3 H X a H b - M H H,  BhCOKOMOJICK. 


Summary 

It  has  been  shown  for  the  first  time  that'  mutual  transesterifi- 
cation  between  carbochain  polyesters  (polymethylmethacrylate) 
and  heterochain  polyesters  may  be  used  for  synthesizing  graft 
copolymers.  . & a 

The  graft  copolymers  obtained  from  polymethylmethacrylate 
and  crystalline  polyesters  are  crystalline  and  of  high  softening 
temperatures.  The  grafting  of  amorphous  polyesters  yields  amor- 
phous graft  copolymers. 

Increase  in  the  number  of  graft  side  chains  is  accompanied  by 
a fall  in  intrinsic  viscosity  of  the  copolymer  and  by  a rise  in  value 

16  Sanaa  414 
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of  the  Huggins  constant.  The  fall  in  the  intrinsi'c  viscosity  is  not 
the  result  of  a degradation  process,  since  polymethylmethacry- 
late, may  he  regenerated  by  methanolysis  of  the  graft  copolymers. 
The  intrinsic  viscosity  of  the  regenerated  polymethylmethacry- 
late is  equal  to  that  of  the  initial  polymer. 

Graft  copolymers  from  polymethylmethacrylate  and  hetero- 
chain polyesters  possess  less  strength  and  larger  ultimate  elonga- 
tion than  polymethylmethacrylate. ' 

It  has  also  been  established  that  on  heating  mixtures  of  meth- 
yWethacrylate  and  w-hydroxyacids  in  the  presence  of  a cata- 
lyst graft  copolymers  form  by  simultaneous  polymerization,  po- 
lycondensation and  mutual  transesterification  reactions.  Some 
correlations  in  this  process  and  the  properties  of  the  resultant 
graft  copolymers  have  been  studied.  • 


R § s u me 

On  a montre  pour  la  premiere  fois  que  la  reaction  de  transe- 
sterification entre  le  polyester  a chaiue  carbonique  polymethac- 
rylate de  methyle  et  les  polyesters  a chaine  hetero-atomique 
pent  etre  utilise  dans  le  but  d’obtenir  les  copolymeres  greffes. 

On  a etabli  que  les  polymeres  greffes,  obtenus  a partir  de 
polymethacrylate  de  paethyle  et  de  polyesters  cristallins,  sont 
cristallins  et  ont  une  haute  temperature  de  ramolissement.  Par 
suite  de  greffage  des  polyesters  amorphes  se  forment  les  copolyme- 
res greffes  amorphes.  , ' 

L’ augmentation  de  nombre  des  chaines  laterales  greffees  est 
suivie  par  la  diminution  de  viscosite  caracteristique  du  copoly- 
mere  greffe  et  par  1’ augmentation  de  constante  Haggins.  Cette 
diminution  de  viscosite  caracteristique  n’est  pas  la  consequence 
des  processus  de  destruction,  car  par  la  methanolyse  des  copoly- 
raeres  greffes  est  polymethacrylate  de  mdthyle  dont  la  viscosite 
caracteristique  est  .egale  a celle  de  polymethacrylate  de  methyle 
regenere.  ' 

Les  copolymeres  greffes,  obtenus  a partir  du  polymethacrylate 
de  methyle  et  des  polyesters  a chaine  hetero-atomique  possedent 
une  moindre  resistance  et  un  plus  grand  allongement  de  rupture 
que  le  polymethacrylate  de  methyle. 

On  a fixe  pour  la  premiere  fois  que  les  melanges  du  methacry- 
late de  methyle  et  des  w-oxyacides  etant  chauffes  en  presence  de 
catalyseur  donnaient  les  copolymeres  greffes  par  suite  des  reacti- 
ons de  polymerisation,  polycondensation  et  transesterification 
qui  ont  lieu  en  meme  temps.  Certaines  regularity  de  ce  processus 
et  les  proprietds  des  polymCTes  greffes  obtenus  ont  ete  etudiees. 
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POJIb  HCTOHHHKA  CBOBOflHMX  PAJ^HKAJIOB 
nPH  CTPYKTyPHPOBAHHH  nOJlH3THJIEHA 

P.  P ado^  M.  Jl  aaap 

(HexocjiOBaKHa) 


CTpyKTypHpoBaime  nojiHaTiuiena  moh<ho  ocyipecTBUTB  iipii 
lIOMOippI  paSHHX  HCTOHHHKOB,  06pa3yK)II];HX  CB06ofl,HLie  paAHKaJIM, 
nanpiiMep  yjiBTpa^HOJiexoBoro  cBexa,  HOHH3Hpyioiij,ero  HaJiy^eiinfi 
6ojibmoH  HHTencHBHOCTH  H opraHiPiecKHX  nepeKHceii,  KnHeTHKa 
H MexaHHBM  npou;ecca  CTpyKTypEpOBamiH  saBncHT,  b nepsyio  o^e- 
peji,L,  6t  HCTo™HKa,npnMeHeHHoronpHCTpyKTypiipOBaHimnojiHaTii~ 
jiena,  a b cJiy^ae  nepeKHcen  — ot  xHMH3Ma  pacna^a  nepeKiicvi 
H peaKpHH  nepBOTHHX  paflHKajiOB  c MaKpoMOJieKyjiaMH  nojinaTii- 
jieiia. 

Ha  ocHOBaHHii  KHHeTiiHecKoro  anajiiiaa  KoiiKpexHO  peniaeMoro 
ciiei^H^HHecKoro  cjiy^an  cTpyKxypnpoBaHHH  nojiHaTHJiena  nepe- 
KHCBK)  6eH30HJia  [1],  Uhl  M03KeM  Cy^HTb  o6  OTfleJIbHLIX  B03MO>KHO- 
CTHX  KHHeTHKH  o6pa30BaHHH  nonepe^Hbix  CBH3eH  no  peaKpiiHM 
ncnojib30BaHHoro  ncTonnnKa  CBoSoAHbix  paAHKajiOB. 

Hs  o6iii,eH  cxeMbi  bosmojkhlix  peaKn,ioi,  BeAyipnx  k oSpaaoBa- 
HHK)  nonepennbix  CBftaen,  Mbi  BbiBOji,ppi  KiiHeTM^ecKiie  cooTnouie- 
nna  OTAejibHbix  o6cyH<fl;aeMBTx  cjiynaeB. 

POOR  2RO'  PEH  PE‘  + IV  HHHquHpoBaHiie 

R0‘  + PEH  X PE*  4-  ROH  PEH  + H*  X PE*  + Hg  nepeAaHa*ueiiJi 

RO’  -f-  ROOR  X RO*  + RX  + CO2  1 HHAyAHpOBaHBWM 
j.  } pacnaA 

PE‘  + ROOR  X RO*  + RPE  + COal  J 

(cTpyKxypMpOBaHHe)  PE*  + PE*  PE  — PE  | 

RO*+PE‘  X RO  — PE  [ 

RC-  + RO*  J . o6p.,n. 
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ROOR  — MOJieKyjia  J11060H  nepeKHCH,  PEH  — nojiHaTHjieii^ 
RO  riepBHHHHHpaAHKaJijPE* — nojiHMepHHnpaAHKajj, 

H‘  — cbo6oji;hhh  pa;i;HKaji  BOflopo^a,  ROH  — npo^ 
AyKT  nepe^aBH  i];enH, 

RX,  RX'  — npoflyKTM  peaKii^HH  nepBHHHoro  pa^HKajia  c . 
nepeKHCBK), 

RPEjRO  PE  — npo^yKTBi  peaKn;HH  nepBHTOoro  pa^HKajfa. 

C nOJIH3THJieHOM 

H PE  — PE  — nonepeHHaa  cbh3b. 

H3  yKaaaHHOH  cxeMM  bhaho,  hto  nonepe^HHe  cbh3h  oSpaayiOT- 
CH  peKOM6iiHan;HeH  nojiHMepHtix  paAHKajioB,  nesaBHCHMO  ot  hctob- 
HHKa,  npHMeHeHHoro  npn  CTpyKTypnpOBaHHH. 

CTpyKTypupoBaniie  npn  noMomu  HSJiyqeHHB 

IlpH  npHMeHemm  najiy^eHHH,  nocjie  norjioiii,eHHfl  aHepntir* 
B036y>KAeHHi.ie  MOJieKyjiLi  AiiccoAHiipyioT,  oSpasyexcH  BOAopoA  u 
MnrpnpyioiAHe  nojiHMepHBie  paAHKajiBi  o6pa3yK)T  noneperaHe  cbh- 

CH.  BosHiiKiaHH  axoM  BOAopoAa  AOCTaxoTOO  noABH^Ken  h jierKO' 

oxHHMaex  H3  nojii'iMepa  cjigayioiahh  axoM  BpAopoAa.  TaKHM  o5pa- 
30M  B peayjiBxaxe  eAHHoro  nepBHHHoro  aghcxekh  oSpaayioxcH  A^a 
nojiHMepHBie  paAHKajia  hjih  OAHa  nonepevnaa  cbh3b  h OAHa  MOjre- 
Kyjia  BOAopoAa.  Bo3HHKaioiAee  hhcjio  nonepeaHBix  CBasen  ii  kojiii- 
aecxBO  B03HHKaioin;ero  BOAopoAa  npHMO  nponopAHonajiBriBr  norao— 
iij;eHHOH  Aoae  HaJiyaenna.  TaK  KaK  b o6pHBe  n^enn  yaacxByiox  xojib- 
KO  nojiHMepHHe  paAnnajiBi,  xo  h3  npaBeAennoH  cxgmh  cjieAyex, 
axo  , 

[PE-PE]  = Aiy^-ZivlPEH]/.  (1). 

TaKoe  JiPiHeHHoe  cooxHomeHne  6bijio  aKcrrepnMeHxajiBHO  Ao^a- 
3aHO  pasHBiMH  aBxopaMH  [2,  3,  4]. 

06pa3OBaHHe  nonepeaHbix  CBaaefi 
npn  MOHOMOJieKyjiHpHOM  pacnaAe  nepeKHcn 

B 3XOM  cjiyaae  nojiPiMepnBie  paAHKajiBi  y>Ke  ne  oSpaayioxca  iie- 
nocpeAcxBemio,  a xojibko  npn  BxopHaHOH  peaKAmi  nepeAaan. 
npoaHajiH3HpyeM  caaaajia  6ojiee  npocxoH  cjiyaaa,  npn  KOxopoM* 
nepeKHCB  pacnaAaexca  xojibko  MOHOMOJieKyjiapno.  Upn  hojihoh 
iTGpeAaae  nepBiiaaBix  paAHKajiOB  oSpBiB  npoxGKaox  xojibko  bcjigA’ 
CXBHG  pGKOM6HHai];HH  HOJIHMGpHHX  paAHKaJIOB.  HoOXOMy  BHCJIO* 
nonGpGHHBix  CBasGH  onpGAejiaGxca  MOHOMOJiGKyjiapHoii  aaxpaxoa 
nGpGKHCH  (X) 

^ = (1  — [ROOR]  . , (2)- 

OAHaKO,  GCJiH  BoamiKmHG  nopBaanBiG  paAHKajiBi  KOJiHaGCXBGH- 
HO  HG  HGpGAaioxca  nojiHMGpy,  xo  nonGpGHHBiG  CBasH  o6pa3yioxca. 
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TOJibKO  B TOM  cjiynae,  ecjin  /C7  — 0,  t.  e.  gcjim  ^ihcjio  66pa3yK)iij,iixcH 
jTOJiHMepHibix  paAiiKajiOB  6yji,eT  ^ojibme  racjia  nepBnHHBix  pa- 
-AMKajiOB.  TaK  KaK  npii  pacnaji;e,  MOJieKyjitt  nepeKHcn  BOSHHKajOT 
ABa  pa^HKajia,  to  cKopocTt  nepe^ann  mojkot  ^ocTHrayTL  yflBoeM- 
Hoii  GKopocTH’  pacnaji;a  nepeKiicii.  ypaBHeiiiie,  KOTopoe  b 3tom 
cjiynae  b oSiuom  BBipajKaeT  cooTHOinemie  MeJK^y  o6pa30BaHHeM 
nonepeBHbiX;  cBHseii  h KOHU,eiiTpaii,iieii  nepcKHCii,  iiMeeT  ^opny 

[PE  — PE]  - (/^-l).x  (3) 

/v,  — nocTOHHHaH  nepe^aMH,  BLipajKaioipaB  oTHOiiieHiie  Mewji^y 
cKopocTLH)  nepe^aBH  h cKopociBio  pacnafla  nepeimcH.  Oiy  no- 
CTOHHHyK)  MO>KHO  onpGAejiHTB  3KcnepiiMeiiTajiBH0  no  peayjiBTaTy 
anaJinTHnecKoro  onpe^i;ejieHHH  pacxoaa  nepeKncii  n BoamiKHOBe** 
nnio  npoAyKTa  nepe^ann  (ROH).  HncJieiiHoe  Bnanenne  K moh^gt 
KOJiGSaTLCK  B npGflGJiax  OT  0 AO  2,  ho  jXJin  Cjiynaa  CTpyKTypnpoBa- 
HiiH  npaKTHnecKoe  BHanGHno  iimggt  Jinmn  HHTcpBaji  ot  1 ao  2,  Kan 
cjiGAyGT  II3  (j)OpMyjii>T  (3),  CTpyKTypnpOBaHiiG  H6  npoHCXOAHT  npn 
snanGHHH  K MGHBniG  1.  B KpanncM  cjiynaG,  KorAa  = 2,  CKOpocTb 
oopasOBaniifl  nonGponinDix  cbhbgh  pasna  CKopocTii  pacnaAa  nopc- 
laicH. 

CTpyKTypiipOBaHiie  b iipon,ecce  ueiiHoro  pacnaAa 
iiepeKncH 

, npH  CTpyKTypapoBaniiH  noJinaTHJiGHa  b npoH,GCCG  Aonnoro 
pacnaAa  nGpGKncn  cyn^GCTByioT  Asa  ochobhhx  bosmojkhbix  BHAa 
pGaKAHH  HHAyuiHpOBaiiHoro  pacnaAa.  HcnGpnBiBaniiG  nGpGKHcn 
jiHAyAnpOBaHHBiM  pacnaAOM  mojkgt  6bitb  BBiaBano  pGaKAHGH  nan 
iiGpBiiHHoro,  nan  noanMGpnoro  paAHKaaa  c MoacKyaoii  ncpeKncn, 
KaK  06  3TOM  CBHAGTGabCTByeT  npiiBGAennaH  cxGMa.  IIoaTOMy  n 
KnneTHHGCKHG  ypaBHGHHH,  BBipaH;aiOn;H6  COOTHOmGHHG  MGH<Ay 
o6pa30BaHHGM  nonGpGBHBix  CBasGii  II  nanaabHOH  KOHii;eHTpan;nGn 
nGpGKMCH,  nan  tkg  bpgmghgm  pGaKAiin,  6yAyT  aaBiiCHTb  ot  Tiina 
pGaKAHH  iiHAymipoBaHHoro  pacnaAa. 

HHAyAnpoBannwii  pacnaA  riopnAKa  1,5 

XIpoaHaJinanpyGM  caynan  Aonnoro  pacnaAa  nepcKncii,  npn 
KOTopOM  HHAyAHpOBannbiH  pacnaA  ocyiAGCTBaaGTca  c homoiabio 
BsanMOAGHCTBiia  noanaTnaGHOBBix  paAnnaaoB  c MoaGKyaaMH  ne- 

PGKhch;  3TO  3HanHT,  bto  AaHHHH  pacnaA — nopaAKa  1,5  [5].  Ilpn 
•o6pBiBe  PE‘4-  PE*  ajih  CTpyKTypnpoBaHna  aBaacTca  3$$gkthb- 
hbim  ToabKO  caMonpoH3BoabHBiH  pacnaA  {x').  On  onpGAeaaGT 
B03HHKH0BGHHG  nOnGpGBHBIX  CBaaGH  II  GFO  MOH^HO  BBipaSIITb  HHTG- 
rpaaoM  nponsEGAGHna  nocToannoii  CKopocTii  ii  MOMGHTaabHon 
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KoirnenTpainiH  nepeKiicii  a npeflejiax  ot  0 p,o  t. 


[POOR]  dt 


(„  + l)_a]2 


kf 


X 


X 


(a-Fl)- 


A (a  + I) 
X (a  + 1)  — 
k, 


-2,303  log  (4) 


Tj-ie  = a 3.:=  ~ [ROOR]<^’^,  /cj  m ki — nocxoHHUhie 

ki  f 


cKopocTH  ca]\ionpoii3BOJiLHoro  II  HHAyii,npoBaHiioro  pacna;^a, 
[ROOR]  — iia^ajibHaH  KOHii,eHTpau,HH  nepeKncii,  t — apeMH 
])eaKii,iiii. 

MoMeiiTaJibiiyK)  KOiiu^eHTpau^iiio  nepeKiicii  mm  nojiyMii-Tiii  iiyxeM 
pemeiufii  M3BecxHoro  An(j)$epeHii;iiajibHOro  ypaBHeHiiM  o6iij,eii 
-Baxpaxbi  nepeKHCH 

— = /ti  [ROOR]  + ki  [ROOR]i’“  (5) 

OAHaKO  iiojiyHeHHoe  cooxiioiueHiie  (4)  cupaBeAJJHBO  xoJibKO 
xorAa,  ecjiii-A:^  n krj  paBHbi  iiyjiio.  Ecjih  >Ke  paAiiKaJiM,  oSpaayio- 
upiecH  npii  pacnaAG  nepeimcH,  KOJiii^ecxBeHHO  ne  iiapacxoAyioxciJ 
npii  peaKAiiii  nepcAa^H,  to  npii  o6pHBe,  b saBuciiMOCxH  ox  o6ctob- 
xejrbCTB,  npeACxaBJiena  xaKJKe  m peaKii,Ha  xana  PE‘  + R0‘,  iie 
3cJ)(})eKTiiBHafl  A*^!^:  cxpyKxypHpoBamiH.  9xa  aacxb  u,enHoit  peaKH,iur 
c ]ie3(|)(|)eKXHBHbift[  oSpbiBOM  HBJiKexCfl  peaKAiieii  nepBoro  nopBAi<a 
II  jioaxoMy  ee  BHaaeiiiie  no  (|)opMyjie  (2)  6yAeT 

(2  — A")(l-e-'uO  [ROOR] 

(K  MMoex  xaKoe  >Ke  aHaaeniie,  kbk  h BMine). 

EcAii  aoaio  He34)(j)eKXHBHoro  o6pHBa  Bbraecxb  iia  caMonpoiia- 
BOJibiioro  pacnaAa,  xo  iionyanM  cooxiioniemie,  Koxopoe  b oCiu^OiM 
rrpon.ecce  BLipa>Kaex  aah  Aannoro  caynaa  saBiiciiMOcxb  oGpaaona- 
ima  Tionepeaiibix  CBaaeii  ox  KOiipeHTpapiiH  nepeKiicii  ii  BpeMeiin 
cxpyKxy  piipoBaHHa 

[PE  --  PE]  --{2  — K)  (1  — [ROOR]  (6) 

M 3Aecb  cxpyKxypiipoBaHHe  npoxeKaex  xojtbKO  xorAa,  KorAa  K 
ooabnie  eAuniiAbi,  x.  e.  ecan  KOHn;enxpan,Ha  noaiiMepiibix  paAHKaaoB 
ooabirie,  aejvi  KOHAeHxpan;iia  nepBnanbix.  Ecaii  siiaaemie  K 
6yAex  ooabine  eAiniimbi,  xo  cKopocxb  CTpyKTypiipoBaiiiia  yBeaii- 
nnBaexca;  npii  = 0 mbi  noayauM  K ~ 2 n noaxoMy  o6pa30Ba~ 
nire  nonepeanbix  CBaaen  onpeAeaaexca  xpaxoii  nepeKiicii  na  caMO- 
npoii3BoabHHii  pacnaA,  tbk  kbk  aacxb  n^eniioro  pacnaAa  nepBoro 
nopaAKa  paBiia  nyaio. 
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IlHj^yuHpoBaHHbiH  pacnaA  sToporo  nopa^Ka 

HaM  ocTaexca  BHBecTH  ein,e  o^hh  TeopexHaecKH  bosmojkhhh^ 
CJiyaaH  cxpyKxypnpoBaHHH  npn  n,enHOM  pacna^e,  ripn  KOXopoM^ 
peaKiz;HH  nepBHHHHX  paAHKajiOB  BbiaHBaex  aaxpaxy  nepeKHCH  na 
MHflyi];HpoBaHHLiii  pacna^.  3xo  pacnaji;  Bxoporo  nopaAi^a  [5]. 
B xoM  cjiyaae,  KOXAa  o6pBiB  npOHCXOAHX  HCKJiioaHxejiBHO  BCJieAcx- 
BHe  BaaHMMH  AesaKXHsaAHH  AByx  noanMepHHx  paAHKaaoB,  o6pa- 
aoBaHHe  nonepeantix  CBasen  onpeAejiaexca  onaxb  jihihb  caMonpo- 
H3BOJibiiHM  pacnaAOM  (x"),  Koxoptm  no  xeM  me  coo6pa>KeHnaM,. 
KaK  H B npeABiAymeM  cjiyaae,  6yAeT  cocxaBJiaxB 

a:"  = ^ J2,303  log  X 
I 

X '(^[ROOR]  + ^ [ROOR]J-  A-.i}  . (7). 

OAHaKO,  ecjiii  nojiniviepHLie  paAHKaJibi  xepaioxca  npn  o6pi>iBe 
xaioKe  n BCaeACXBne  peaKn,HH  c nepBnaHHMH  paAHKajiaMii^  to  aacxb. 
3(|)(J)eKTiiBHoro  caMonpoifSBOabHoro  pacnaAa,  yme  HenocpeACTBen- 
HO  oGpaayion^aa  nonepeanue  CBasn,  onpeAeaaexca  BBOAeniiei^r 
AajiLHeiiineH  KHiieTiiaecKon  nocxoannoH  kp  (oxHomeHiie  nepeAaait 

M iiHAyAHpoBaHHoro  pacnaAa;  (kp  — ~ [PEH]^  - no  cacAyioiAe- 
My  cooTHOmennio:  ’ 

(PE— PE]  = (8). 

B OAHOM  H3  KpaiiHHX  cayaacB,  KorAa  o6pbiB  o6ycJiOBJiiiBaeTCa^ 
jinmb  peaKAneii  PE*  + RO*,  mi>i  nojiyanM  ki  = , h cko- 

/C2  [ Jr  ii(  li  J 

pocxB  o6pa30BaHHa  nonepeaHHX  CBaaen  pasiia  nyaio,  axo  xaKJKe' 
aornaecKH  . cacAyex  ns  ncxoAHoro  ycaoBna.  Bo  BXopoM  KpanneMi 
cayaae,  KOXAa  o6pi>iB  BLiaLTBaexca  aiinib  xnnoM  peaKAHii 

2ktk 

PE’  + PE',  noayaaexca  ki—  . ^ cKopocxB  .o6pa30Ba- 

^2  j 

nna  nonepeanbix  CBa3eH  paBiia  CKopocxii  caMonponsBoabHoro 
pacnaAa  nepCKncn^.  B aaBHCHMOCXH  ox  BsanMOOXHomenna  Aie>KAy 
o6eHMH  peaKAnaMH  oSpbisa,  ncayaennoe  ancao  nonepeaiibix  CBa- 
sen  MOJKex  Koae6aTbca  ox  nyaa  ao  KOHn;eiiTpan;HH,  OTBeaaK)Uj,eib 
MOaapnoMy  KoanaecxBy  caMonponsBOabHO  pacnaBroenca  nepeKHcn.. 

npii  cxpyKxypiipOBannn  noanaxHaena  npn  noMOipn  nepeKiicix 
Sensonaa  mh  onpeAeanan  [1,  6],  axo  iiHAyAHpoBaHHbiii  pacnaA- 
nepcKHCH  npeAcxaBaen  peaKn,nen  SeHSOnaoKCH-paAHKaaoB  c mo- 
aenyaaMH  nepeKncn  n noaxomy  on  oxBeaaex  nocaeAseMy  npoana- 
ansnpoBaHHOMy  cayaaio.  OnpeAeaenHbie  aKcnepnMenxaabHbiM  ny- 
TCM  anaaenna  KHnexHaecKnx  nocxoannbix  caMonponaBOabnoro^ 
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pacna^a  HHAyi^HpoBanHoro  pacna^a  (/ci)  ii  iiepeAaqn  (A:p) 

.'HBJIflHDTCH 

k,  = 2,9 . lO^^exp  (~ 

ki  = 1,6-10^^  exp  ^ >ceK~\ 

/Cp  = 3,6- 10^  exp  ^ MOAh’m~^. 

C noMom,bio  3THX  xpex  KUHera^ecKiix  nocTOHUHux  mli  Btiqiic- 
JIHJIH  H3  ypaBHeHHH  (8)  TGOpeTH^eCKHH  XOA  BOailllKHOBeHHB 
aionepeTOwx  CBHseH  b sasHCHMOCTH  ot  BpeMeHii  peaKu,HH  npii 


Pnc.  1,  OSpasoBaHiie  nonepe^Hwx  CBaaen  b aaBncw- 
MOCTH  OT  BpeMeHH  BpH  KOHAeHTpaAHII  nepOKHCII  6eTI- 
aoHJia  0,116  M0Jifl/«3  H TeMnepaxype  80,1°. 

KpHBaa  HsoppaTKacT  BuqHCJieHHtiii  xoa,  tobkh — ancneptiMeH- 
TajibHue  ana^eHHB. 


•xeMnepaxype  80,1°-  (pnc.  1).  BepnocTb  omicaHiiLix  cooOpajKeHHii  mu 
xipoBepiiJiH  cpaBHenneM  HecKOJiBKHx  paccHuxaHHux  npoii;eccoB  c 
aKcnepHMeuxajibHO  onpeAejienHUMH  sna^eHnaMii,  ho  ajih  HJuiiocxpa- 
MU  3Aecb  npHBejiH  xojibKO  OAHO  xaKoe  cpasHenHe.  OKcnepiiMeii- 
xajibHue  AaHHBie  o ancjie  nonepeaHBix  CBasen  mu  BUHHcanAH  no 
pacxBopHMOcxn  cxpyKxypnpoBaHHoro  nojiHMepa  [7]  b npeAnoJiojKe- 
HHH  o cjiyaapiHOM  pacnpeAOJieHHH  MaKpOMoaeKyji  nojrnaxHJieHa  .[81. 
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Summary 

Crosslinked  polyethylene  owing  to*  changes  in  structure  is 
a product  with  technically  important  properties.  The  . crosslinking 
may  be  brought  about  with  the  aid  of  various  free  radical  sources, 
such  as  ultraviolet  light,  ionizing  irradiation  of  high  intensities 
and  organic  peroxides.  The  kinetics  and  mechanism  of  the  cross- 
linking  process  depend  predominately  upon  the  source  employed  at 
the  crosslinking  of  polyethylene,  and  in  the  case  of  peroxides  al- 
so upon  the  chemical  mechanism  of  the  peroxide  decomposition  as 
well  as  upon  the  reaction  of  primary  radicals  with  the  poly- 
ethylene macromolecules. 

When  radiation  is  employed,  the  excited  molecules  after  energy 
absorbtion  dissociate,  hydrogen  is  evolved  and  radicals  from  the 
polymer  form  cross  links.  The  hydrogen  atom  eliminated  is  qui- 
te mobile  and  easily  removes  another  atom  from  the  polymer.  Hen  - 
ce during  a single  primary  act  two  polymer  radicals  or  one  cross 
link  and  one  hydrogen  molecule  are  formed.  The  number  of  cross 
links  as  well  as  the  amount  of  hydrogen  produced  arc  then  simply 
proportional  to  the  absorbed  radiation  dose. 

Cross  linking  of  polyethylene  by  the  peroxide  method  is  a 
more  complicated  process,  the  polymer  radicals  not  forming;  di- 
rectly, but  by  transfer  to  the  polyethylene  macromolecules  of  ra- 
dicals produced  by  peroxide  decomposition.  In  the  termination 
reaction,  iji  addition  to  crosslinkages,  products  of  the  reaction 
between  primary  and  polymer  radicals  may  form.  When  the  per- 
oxide decomposes  by  a chain  mechanisni  the  dependence  of  the 
crosslinks  upon  the  initial  peroxide  concentration  becomes  more 
involved.  In  the  induced  decomposition  the  free  radical  sources 
are  inefficiently  consumed  and  owing  to  the  difference  in  reaction 
orders  of  the  simultaneous  ineffective  induced  and  effective  self 
decomposition  of  the  peroxide  the  ratio  between  the  two  reactions 
varies  in  the  course  of  the  process. 

From  a kinetic  analysis  of  the  experimental  results  quantita- 
tive relatiojis  have  been  established  between  the  formation  of 
crosslinks  in  polyethylene  and  the  free  radicals  produced  from  the 
various  Sources.  Both  the  simplest  cases  of  direct  production  of 
radicals  capable  of  cross  linkage  as  well  as  the  cases  when  the*^ 
formation  of- the  primiry  radicals  is  determined  by  the  initiation 
process  and  rate  of  radical  transfer,  and  the  nature  of  the  termi- 
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nation  reactions  are  of  major  iinporlance  have  been  considered. 
Finally  a still  more  complicated  case  when  cross  linking  of  poly- 
ethylene takes  place  during  chain  decomposition  of  the  peroxide 
has  been  treated.  With  the  aid  of  the  derived  equations  and  the 
experimentally  determined  rate  constants  the  contents  of  the  cross 
links  have  been  calculated  and  the  results  have  been  compared 
with  experimental  values. 


R e s u m e 

La  reticulation  du  polyethylene  represente  par  suite  du  chan- 
gement  de  la  structure,  un  produit  ayant  quelques  qualites  d'lme 
importance  technique  particuliere.  Par  la  reticulation,  il  est 
possible  de  realiser  par  sources  differentes  qui  produisent  des 
radicaux  libres,  comme  les  rayons  ultra-violet,  la  radiation  io 
nisante  de  haute  intensity  et  les  peroxydes  organiques,  La.cine- 
tiq  ue  et  le  mecanisme  du  processus  de  reticulation  dependent  avant 
tout,  de  la  source  employee  pour  la  reticulation  du  polyethylene, 
et,  dans  le  cas  des  peroxyde  egalement  du  chimisme  de  la  decompo- 
sition du  peroxyde  et  de  la  reaction  des  radicaux  primaires  avec 
les  macromolecules  du  polyethylene. 

En  utilisant  la  radiation,  apres  I’absorption  de  I’energie, 
les  molecules  exitees  se  dissocient  et  il  se  forme  de  1 ’hydrogene 
et  les  radicaux  migrateurs  du  polymere  produisent  des  liaisons 
transversales.  L’atome  de  I’hydrogene  forme  est  suffisament  mo- 
bile et  il  preleve  facilement  un  autre  atome  d ’hydrogene  du  poly- 
mere. Ainsi,  par  un  seiil  acte  primaire,  il  se  produit  deux  radicaux 
de  polymere,  ontune  liaison  transversale  et  une  molecule  d ’hydro- 
gene. Le  nombre  des  liaisons  transversales  formees,  ainsi  que  la 
quantite  de  I’hydrogene  formee  sont  par  la  suite,  simpleinent 
proportionels  a la  dose  de  la  radiation  absorhee. 

Par  les  travaux  realises  pour  deriver  la  cinetique  et  le  meca- 
nisme de  la  formation  des  liaisons  transversales  du  polyethylene 
a I’aide  de  peroxydes,  la  situation  se  montre  plus  compliquee. 
Dans  ce  cas,  il  ne  se  forme  directement  des  radicaux  de  polymere, 
mais  par  transmission  — les  radicaux  formes  premierement  par* 
la  decomposition  des  peroxydes  — sur  des  macromolecules  du 
polyethylene.  Lors  de  la  reaction  de  terminaison,  il  peux  se  for- 
mer, d ’apres  les  circonstances,  a part  les  liaisons  transversales, 
des  produits  de  combination  de  radicaux  primaires  avec  ceux 
des  polymeres.  Quand  la  decomposition  du  peroxyde  se  passe 
par  le  mecanisme  de  la  chaine,  I’expression  de  la  dependance  des 
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liaisons  transversales  produites  depuis  la  concentration  initiale 
du  peroxyde,  est  encore  plus  compliquee.  La  decomposition  in- 
duite  epuise  inefficacement  la  source  des  radicaux  litres  de  meme 
que  pendant  la  duree  de  la  reaction,  elle  change  continuellement 
Je  rapport  efficace  spontane  et  la  decomposition  induite  ineffi- 
•cace  du  peroxyde.  par  suite  de  Tordre  inegale  des  deux  reactions 
rsimultanees. 

Sur  la  base  de  Tanalyse  cinetique  des  resultats  experimentaux, 
•on  derive  dans  be  travail,  les  relations  qui  experiment  en  quan- 
tity la  formation  des  liaisons  transversales  lorsde  la  reticulation 
•du  polyethylene,  en  dependace  de  la  nature  de  la  source  produisant 
les  radicaux  litres.  lls  sont  consideres  comme  etant  les  cas  les 
plus  simples  de  la  formation  directe  des  radicaux  deja  capables 
de  produire  des  liaisons  transversales,  egalement  dans  les  cas, 
oil  I’amoryage  du  processus  determine  la  formation  des  radicaux 
primaires  et  a un  role  important  la  vitesse  de  leur  transmission 
et  la  nature  de  la  reaction  de  terminaison.  Enfin,  on  traite  un 
cas  plus  complique  quand  la  reticulation  du  polyethylene  se  pas- 
se dans  la  chaine  de  decomposition  du  peroxyde.  A Taide  des 
rapports  derives  et  des  constantes  de  vitesse  fixees  experimenta- 
lementv  on  a calcule  le  cdntenu  theorique  des  liaisons  transversa- 
les, qui  se  compare  avec  les  donnes  fixes  experimentalement. 
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0 nPEBPAIIl,EHHflX  KAPBOKCHJICO;i;EPMCAmHX 
EyTAJ^BEHCTHPOJlBHLlX  KAyBYKOB 
H HX  CMECEH  C e-KAIlPOJIAKTAMOM 
n03  3EHCTBHEM  T-H3JiyHEHHH 

M.  M Aadenoe,  H.  A.TymopcKMU,  E.  A.  tt 

(CCCP) 


B HacTOfln^eH  paSoxe  HayneHU  paflHa^HOHHO-XHMHHecKHe  npen- 
Kap6oKCH:ibHHX  SyTaflHeH-CTHpojitHHX  KaynyKOB 
(KbLK)  c paajiHHHHM  coflepacaHHeM  cxHpojia  h MexaKpHJiOBOB 
KHCJioxu  nofl  fleacxBHeM  y-HajiyHeHHH.  06jiyHeHHe  npoBonajiH  Ha 
HCXOTOHKe  Co®0  MOn^HOCXBH)  2 -10®  KIOPH. 

OCpaapu  KECK  noflnpeccoBHBaJin  b xojioahom  npecce 
HOjiyHeHHH  nneHOK  xojiiahhoh  0,5  mm.  IIjieHKH  noABeprajiH  o6jiy- 
. ieHHH)A03aMHoxO,l  Aoll  50  MpB  sanaaHHHX  aMnyjiax  b axMOcdiepe 
aproHa,  coAepataiAero  0,05%  KHCJiopoAa. 

KaK  BHAHO  H3^  pHC.  1,  9$^eKXHBHOCXb  A6Kap60KCHJIHp0BaHHa 
HBJiaexcfl  BucoKOH  npH  Majiux  A03ax_;  h nocxeneHHO  yMCHbinaeicfl 
npH  yBejiHHeHHH  ao3H.  B Hanaae  npOAecca  npn  HHxeHCHBHOM  Ae- 
KapOOKCHJIHpOBaHHH  HHCJIO  MeHtMOJieKyjIHpHbIX  CBHSeH  Bce  eipe 
HcaHaHHiejibHO.  OxcyxcxBHe  JiHHeHHOH  aasHCHMOcxH  MewAy  vhc- 
jiOM  HcacaaroiAHX  KapSoKCHjibHbix  rpynn  h KOjiHMecxBOM  oSpaayio- 
merocfl  reaa  (pHc.  2)  CBHAexejibcxByex  o cjiojkhom  MexaHHSMe 
^pyKxypnpoBaHHfl  h o npoxeKanna  npoAeccoB  AecxpyKij,HH. 
ITocjieAHHe  AocxaiOHHO  oiaexjiHBO  BHpaweHH  h npa  Majiwx  Aoaax 
oojiyneHHH,  na  axo  yKaaHBaex  (j[)aKx  pesKoro  naACHHa  xapan- 

xepHCXHHecKOH  BH3KOCIH  30Jib-$paKAHH  HpH  Majibix  A03ax  o6av 

aeHHfl.  •’ 

06pa30BaHHe  nonepeaHUx  CBAsea  h noaBJieHae  HepacxBopHMOro  ■ 
rejifl  Ha6jiiOAaexcfl  npH  A03ax  BHine  2,5  Mp.  IIoBbiiiieHHe  kojih- 
HCCIBa  MexaKpHJIOBOH  KHCJIOIH  B HOJIHMepe  npHBOAHX  K 66jiee  HH- 
xeHCHBHOMy  o6pa30BaHHK)  nonepeHHHx  CBaaea  (pnc.  3). 

MajiHx  Aoaax  paanocxb  MeatAY  rycxoxofi  cexKH  BCK  b 
KECK  BHpaatena  6oaee  3HaaHxeabHO,  a npa  Aosax  Bbone  30  Mp 
axa  pa3Hocxb  npaKXHaecKH  oicyxcxByex.  OxHOCHxeabHoe  yMeHb- 
ineHBe  aacaa  nonepeaHHX  cBaaeii  no  MecxaM  Kap6oKCHabHHx  rpynn 
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Ha  nocjieflHHX  cxaAaax  cTpyKxypiipoBaHHH  oo'bHCHaexca, 

no-BHAHMo5y,  npocxpaacTBeHHHMH  aaxpyAHeimaMa,  BOAnaKaioma- 

MH  B CBHSH  c yMeHbineHHeM  HOABHffiHOcxH  Aenea  nocae 
o6Da30BaHHH^  KavayKH  o6aaAaH)x  sHaaaxeabHO  MeabinaM  MaKca- 
ZZm  ZvJhZ  B nOBHpHOM.  paCTBOpHTBBB  - 


Pmc.  1.  MsMeHeHHe  ^Hc:ia>ap6oKCHJibHHX  rpynn  b aaBMCHMOCTw 

OT  fl,03H  o6jiyqeHHfl . 

Coji;ep>KaHHe  MeTaKpwjioBofi  KHcaoTH  b IICXOJ^Hblx  Kay^yBax;  1 34, 

2-2,88;  3-1,60;  4-1,30%. 

Tone,  aein  b Seaaojie,  OAaaKO  nopaAOK  pacnoaoJKeHaa  KpHBUX, 
cooxBeTCXByIO^^HX  pasHOiviy  coAepataHHio  MexanpHaoBOH  KHcaoxH, 
coxpaHaexca. 

IIoayaeHHMe  pesyabxaxM  yKaabiBarox  aa  yaacxae  KapoOKcaab- 
HHX  rpynn  b npoAecce  cxpyKxypnpoBanHH.  PaAHaAHOHHO-XHMH- 
aecKHH  bhxoa  ancaa  nonepeaHHX  CBaaen  npn  MaaHX  Aoaax  ooay- 
aenna  annenHO  sospacxaex  b aaBHCHMOCxn  ox  coAopwaHna  Mexa- 
KpnaOBOH  KHcaoxH  B ncxoAHOM  noaHMepe  (pnc.  4).  C yBeanaeaneM 
A03H  naKaoH  npaMHX  yMOHbinaexca,  axo  CBasaao,  no-BHAHMOMy , 
c yMeHbjnenneM  cxpyKxypHpoBaHHanoMecxyKap6oKCHabHHX  rpynn 
BcaeAcxBHG  yMenbraenna  BepoaxHOCxHoro  (|)aKxopa  nocae  oopaso- 
Banna  xpexMepnoft  cexan. 
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CTpyKxypHpoBaHHe  c y^acTHeM  Kap6oKCHjibHLix  rpynn  iipeA- 
CTaBJiHGTCH  iiaM  HAyn^HM  HO  cjic^yiomeH  cxGMe:  B pesyjfbTaTG  aKxa 
;j,GKap6oKCHjmpOBaHHK  oGpasyCTCH  nojiHMGpimii  paja,HKa.)i  h axOM 
BOAopo;na: 


Jl03Q  o6/fytieHU9,  Mp 

Pac,  2.  HsMenenHe  KOJinnecTBa  rejia  b saBHCHMOCTii  ot  ao3H 
o6jiy  Henna. 

1 — kBCK  c 50%  CTHpOJia  h 5,34%  MCTaKpHjiOBOii  khcjiotu;  2 — KECK 
c 50%  CTupojia  H 2,88%  MeTaKpHJiOBOfi  khcjiotu;  3 — CKC-50;  4 — KBCK 
c 30%  cTHpoJia  n 1,60%  MeTaKpHjioBoft  khcjiotu. 

OopaayiomHHCH  nojiHMepHHH  paA^Kaji  BaaHMOAGiicxByGx  c abohhoh 
cBfl3F>io  MOJiGKyjibi  KayHyKa  hjih  pGKOM6HHHpyGx  c CG6e  noAoSnuM, 
HTO  nppiBOAHT  K 3(j)(j[)eKxy  o6pa30BaHHH  nonepeHHbix  cbr3gh: 

R 4-  ~ CHa  — CH  = CH  — GHa  - — GHa  = CH  --  CH  — CHo-- 

I 

R 

AxoMbi  BOAopoAa  peKOMSnHHpyiox  MG>KAy  co6oii  c BbiAeJiGimcM 
ra30o6pa3Horo  BOAopoAa,  a xaKJKG'npHHHMaiox  ynacxHG  b APyrnx 
pcaKRMHX,  HanpMMGp,  oxpiiBaiox  axoM  H ox  MOJiGKyjibi  nojiHMGpa 
c oSpaaoBaHHGM  MOJiGKyjibi  H2  [2]. 

B npHEGAGHHOil  CXGMG  HG  paCCMaxpHBaiOTCa  XG  peaKRHH,  KOTO- 
pbiG  npOHCxoAHx  npH  cxpyKxypiipOBaHHH  6yTaAaGH-CTHpo.TjbBbix 
no.'iMMcpoB,  HG  coAep>Kani;BX  Kap6oKCHjibHHX  rpynn. 
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B HacTOflmeH  paSoxe  naynaJiH  xaKH^e  paA^ai^HOHHO-xHMH^ecKHe 
npeBpameHHH  cMecea  KECK  c e-KanpojiaKxaMOM  AeficxBHeM 
Y-H3JiyHeHHK.  KECK,  HMeK)in,He  cocxaB,  yKasannuH  BMjne,  3Kcxpa- 

rHpoBajiH20  nac.  xojioji;hlim 
an,exoHOM  b axMoc^epe  aao- 
xa.  Cmgch  KaynyKOB  c 5— 
50%  e-KanpojiaKxaMa,  roxo- 
BHJiH  Ha  MHKpoBajii>i];ax  h 

noAnpeccoBHBaJiH  na  xojioa- 

HOM  npecce  nojiyneHiiB 
HJIGHOK  XOJIIAHHOH  0,15— 
0,30  MM.  OSjiy^eHHe  npoH3- 
BOAHJIH  B yCJlOBHHX,  aHaJio- 
THHHHX  OHHCaHHLIM  BHjne. 

C HOBHineHseM  kojihhg- 
cxBa  BBeAeHHoro  b cmbcb 
8-KanpojiaKTaMa  KOJinnecT- 
BO  CBHsaHHoro  6-KanpojiaK- 
xaMa  yBejiHHEBaeTCH 
Bcex  HccjieAOBaHHtix  Kayny- 
kob.  MejKAy  KOJisHecxBOM 
CBHaaHHoro  8-KanpojiaKxa- 
Ma  H COAepJKaHHGM  MGxa- 
KpHJIOBOH  KHCJIOXLI  B HOJIH- 

Mepe  Ha6jiH)AaexcH  JiHHeH- 
Han  aaBHCHMOcxb  (pnc. 
5,  a,  6). 

KoJIHHGCXBO  CBHSaHHOrO 
8-KanpojiaKxaMa,  paccra- 
xaHHOG  no  coAOpJKaHHio 
aaoxa,  b BaBHCHMOCxH  ox 

A03H  o6jiyHeHHH  H3MeHH- 
excfl  no  KpHBOH  CMaKCHMy- 
MOM  (pnc.  6).  HncxoAflniiaH 
BexBb  yKaaaHHOH  KpnBon 
CBHSaHa,  nO-BHAHMOMy,  c 
npoxeKanneM  npa:  Oojilbihx 
Aosax  oSjiyneHHH  A^cxpyK- 
HHH  cBHsaHHoro  8-Kanpo- 
jiaKxaMa,  HAyn^enc  BUAejie- 
• HHOM  asoxa  [2]  no  cxeMe: 

GHs— GO 

Y'jiyHH 


1 — CKC-30  [1];  2 — KECK  c 30%  cTHpoJia  h 
1,30%  MCTaKpHJiGBOft  khcjioth;  3 — KECK 
c 30%  CTHpojia  H 1,60%  MexaKpHnoBOft  fhcjiotli. 
4,7  — CKC-50;  5,8  — KECK  c 50%  CTHpojia 

H 2,88%  MeraKpHJioBott  khcjioth.  1 — 6 — naOyxa- 
UHC  B GeHBOJie;  7 — 9 — b MexHjiBTHJiKeTOHe. 


R— GH 


/ 


CH, 


\ 


CH,— CH,— NH 
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R — CB 


GH, 


CH.— 


+ N + CO  + H 


CHa 


12,“ 


06pa3yK)in,Hecfl  pa^HKajiH  MOryT  BsanMHO  HacHiu;aTi)  CBo6oflHHe- 
BaJIGHTHOCTH  C 06pa30BaHHeM  SaMemeHHHX  HHKJlOneHTaHOBHX 


60  r 


KOJien;  hjih  ynacTBOBaTB 
B peaKB;HHX  oSpasoBanHH 
nonepeHHHX  CBHaen. 

Bcjiej^CTBHe  axoro  hhigh- 

CHBHOCTB  oSpaSOBaHHH 
nonepeTOHx  cBHseH  b 
npncyTCTBHH  s-Kanpo- 
jiaKTaMa,  KaK  bh^ho  h3 
AaHHBix  no  HaSyxaHHK)  b 
6eH30Jie  H MOTHJiaTHJIKe- 
TOHG,  SHaHHTGJIBHO  B03- 
paCTaGT.  B CHGKTpaX 
norjioin,GHHH  hmgiotch 

HHTGHCHBHHG  HOaOCLI  npH 
1680  CM  (CBfl3L  C — N) 

H npH  1650  CM"^  (CB5l3b 
N — H)(phc.  7)^. 

TaKHM  o6pa30M,  b 
npoAyKxax  oSjiynGHHH 
COXpaHHGXCH  aMHJ^Hafl 
*cBfl3i>NH  — CO— , xapaK- 

xGpnafl  H hcxoahoxo  s-KanpojiaKxaMa.  IIoaTOMy  mh  ckjiohhbi 
CHHxaxB,  nxo  npHCOGfl;HHGHHG  G-KanpojiaKxaMa  k KaynyKy  npo- 
acxo;iiHT  b pGsyjibxaxe  pGKOMSnHaAHH  nojiHMGpnoro  paflHKaJia  c 
pa^HKajiOM,  o6pa3yK)in,HMCH  npn  oxpHBG  axona  H ox  MOJieKyjjbj! 
e-KanpojiaKxaMa: 

RCOOH  R-  + CO2  + H 


2 0 6 
% MBmanptuioiou  KucAomta 

PhC.  4.  SaBHCHMOCTb  MGJKAy  paflHaH^HOHBO- 
XHMHBeCKHM  BHXO;^OM  H CO/^epJKaHHeM  Kap6o- 
KCnjibHHX  rpynn  b hcxoahom  KayByKe.J 

^flosa  oOayqeHHfi:  1 — 2,5,  2 — 10,  J — SOIMp,. 


NH[GH2]5  — (io  ->  NH  — (CH2)4  — CH  — CO +H. 


CO 

R •+ NH-(CH2)4- CH-  ho-R-C^  \h 


* CneKTpH  norfloin,eHHH  CHHMaJi  IlaBjioB,  aa  hto  asTopu  npHHOCflT  6jia- 
roflapHOCTfc. 
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B 3THX  peaKu^HHX,  BepoHTHO,  ynacTByiOT  h paflHKajiH,  oSpaayio- 
iij;HecK  npH  OTpuBe  axoMa  H H3  ji;pyrHX  yB;acTKOB  |nojiHMepHOn 
nenH,  a ne  tojibko  paAHKaJiH,  o6pa3yH)ii];HecH  npH  ^eKap6oKCHJiH:- 
pOBaHHH.  ^oKaaaxejibCTBOM  axoMy  cjiyjKHx  xox  (|)aKx,  b:xo  jiHHeHHafl 
saBHCHMQcxB  KOJiH^iecxBa  CBHsaHHoro  8-KanpojiaKxaMa  ox 


XSSedeHHOZo  Kanpo/ianmaMo  8 uoxoBhom  Kay*iy/ce 


Phc.  5.  SaBHGHMOcTb  KOJiHHecTBa  npHcoeAHHeHHoro  e-KanpojiaKxaMa: 
a:  OT  ero  KOJiH^ecTsa,  BBeAennoro  b cMecb. 

Jtoaa  oGjiy^enufl:  1,5  - 2,5;?  2,6  - 50;  3,4  - 1 Mp;  1-3  - KBCK  c 5,34%  MexanpH- 
jiOBoa  khcjioth;  4—6  — KBCK  c l,30%LMeTaKpHJiOBOM  khcjiotu 

-6:  OT  cofl,ep>KaHHH  MexaKpHJiOBOH  khcjioxh  b HCxoxiiioM  iioJiHMepe.  J],03a 

o6jiy^eHHfl  1 — 1;  2 — 2,5;  3 — 20;  4 ^50  Mp 


/losa  o6/fy^eHajt,  Mp 

Pmc.  6.  SaBHCHMOcxL  KOJiHHecxBa  npHCoeAHiieiTHoro  a-KanpoJiaKxaMa 

OT  jspsu  o5jiyHeHHfl. 

:GpAQp}KaHnel  €'KanpojiaKTaMa|B  cmcch  — 50%;  cOAepwaHiie  MexaKpHaoBOH  bhcjiotlj 
, B^noJinMepe:  1 — 1,30;  2 — 1,60;  3 — 2,88;  4 — 5,34%, 
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iimi  MeTaKpHJiOBoii  khcmth  b hcxo^hom  nojiHMepe  ne  npoxo^i;iiT 
Mepes  Ha^ajio  KOopflHHax  (pnc.  5,  6). 

CxeMa  npHCoe^HHeHHfl  e-KanpojiaKTaMa  ^lepea  CTaA^io  oGpaao- 
iUaHHB  aMHHOKanpOHOBOH  KHCJIOTH  MBHeG  BepOflTHa,  TaK  KRK  B 
peaKi3,HOHHOH  cHcxeMe  oxcyxcTByex  BO^a,  'neoSxoji.HMafl  fljrn  pac- 
j^pHTHH  KOJiBi^a  e-KanpojiaKxaMa. 


V^HC.  7.  CneKTpBi  norjiomeHHH  npoflyKTOB  pa^HOJinaa  CMecefi 
KBCK'c  s-KanpojiaKxaMOM  (A03a  o6jiyHeHHa  30  Mp,  coAepJKaHne 
MexaKpHJIOBOH  KHCJIOTH’B  HOJIHMepe  5,34%) 

J — HHCTHfi  KayHyK;  2 — uponyHT  c 4,08%  npHCoeaHHCHHoro  e-Kanpcaan- 
Taiwa;  5 — npOflyiiT  c 4,35%  npHCOeAHHCHHoro  E-KanpoJiaKTaMa. 


8.  SaBHCHMOCTB  Hpe^eJia  nponnocTH  npn  paspHBe  npoAyKXOB 
paAHOJinaa  ot  aosh  o6jryaeHHH. 

^OAepwamie  MeTaKpHJiOBOft  khcjiotu  b iiojiiiMepe  — 5,34%;  coflepH^aHiie 
e-i;anp0JiaKTaMa  b cmcch  ; l — 0;  2 — 50;  3 — 33;  d — 10%. 
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Ha  pnc.  8 npHBefleHti  peayjifcTaTU,  nojiyTOHHHe  npn  onpe^er 
jieHHH  npe^ejia  npoHHOCTH  npn  paapHBe  CMecen  KaynyKOB  c e- 
KanpojiaKTaMOM.  G yBejinneHneM.  KOJiH^ecTBa  CBHsaHHoro  e-Ka- 
npojiaKxaMa  npe^eji  nponnocTH  npn  paspuBe  ysejiH^HBaeTCH  a 
fl,ocTHraeT  160—200  kF/cm^.  Hpn  9tom,  b otjihhhg  ot  hhctbix  Kay- 
qyKOB,  npoHHOCTb  CMecefi  c KanpojiaKTaMOM  ne  npoxo^Hx  ^lepea. 
MaKCHMyM  B aaBHCHMOCTH  OT  ^03^  o6jiy^eHHH. 
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Summary 

Carboxylated  butadienestyrene  rubbers  containing  at  30% 
styrene  content  1.30  and  1.60%  methacrylic  acid  and  50%  styrene, 
2.88  and  5.34%  methacrylic  acid  were  exposed  to  0.1  to  50  mr. 
doses  (Co®®  source).  This  resulted  in  a fall  in  the  carboxyl  group 
content,  particularly  in  the  case  of  small  doses.  The  radioche- 
mical yield  of  cross-linked  polymers  at  low  doses  is  a linear 
function  of  the  amount  of  carboxyl  groups  in  the  initial  poly- 
mer. 

The  number  of  cross-links  formed  by  the  carboxyl  groups  at 
doses  up  to  20  mr.  calculated  from  maximum  swelling  data  ha& 
been  found  to  agree  satisfactorily  with  the  amount  calculated^ 
from  the  consumption  of  the  carboxyl  groups. 

Irradiation  of  the  carboxylated  rubber  in  a mixture  with 
8-caprolactam  gives  rise  to  addition  of  the  latter  to  the  rubber 
to  form  insoluble  compounds. 

The  amount  of  caprolactam  combining  with  the  rubber  in- 
creases with  increase  in  the  methacrylic  acid  content  of  the  initial 
mixture. 

The  amount  of  bound  caprolactam  incre-ases  linearly  with 
increase  in  8-caprolactam  content  in  the  original  mixtures^ 
from  5 to  50%.  There  is  also  an  increase  in  the  degree  of  cross- 
linking. 

Increase  in  the  bound  8-caprolactam  content  leads  to  an  in- 
crease  in  the  tensile  strength  of  the  polymer. 
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Resum  e 

Les  caoutchoucs  a partir  de  butadiene-styrolene  coutenant 
<des  groupes  carboxyliques  avec  la  teneur  en  acide  methacrylique 
1,30  at  1,60% par 30%  de  styrolene,  ou 2,88  et 5,34%  du  premier 
par  50%  .du  second,  etaient  irradies  par  les  doses  de  0,1  a 50  mR 
■(source  d irradiation  Co®®).  Ici  on  observe  la  diminution  de  la 
teneur  des  groupes  carboxyliques,  qui  est  particulierement  sen- 
sible dans  le  cas  des  petites  dose  d irradiation. 

Le  rendement  radio-chimique  des  polymeres  transversalement 
•reticules  pour  les  faibles  doses  d irradiation  a une  dependance 
lineaire  de  la  teneur  en  groupes  carboxyliques  du  polymere 
*de  depart. 

Dans  le  cas  de  1 irradiation  par  doses  allant  a 20  mR  on 
•observe  une  correspondance  satisfaisante  entre  d'une  part  le 
nombre  des  liaisons  transversales  qui  se  forment  aux  depens 
des  groupes  carboxyliques,  calculees  a partir  des  donnees  pour 
le  maximum  de  gonflement,  et  d^autre  part  le  nombre  de  celles 
calculees  selon  le  debit  des  groupes  carboxyliques. 

Lirradiation  des  melangesdescaoutchoucs  avec  e-caprolactame 
aboutit  a son  addition  au  caoutchouc  en  formant  des  produits 
•insolubles. 

L’augmentation  de  la  teneur  en  acide  methacrylique  du 
caoutchouc  initial  cause  raccroissement  du  nombre  de  caprolacta- 
me,  additionne  au  caoutchouc. 

Pour  ^augmentation  de  la  teneur  en  8-caprolactame  des 
melanges  initiaux  de  5 a 50®^  la  quantite  du  caprolactame  lie 
augmente  en  dependance  lineaire,  le  degre  d'-e  reticulation 
transversale  accroit  egalement. 

L’augmentation  de  la  quantite  d'  e-caprolactam®  lie  est 
'Suivie  par  Televation  de  limite  de  resistance. 
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CHHTE3  HOBbIX  nPOH3BOJ];HbIX  I];EJJJIK>JI03bf 

H flpyrnx  nojiHCAXAPnaoB 

A.P  ozoGuu^  A.  J^epeeu^naH,  Cyn^  T y 
^ofcan  Beu-zan,  Jl.  C.  r a 6 p aiico 
(CCCP) 


G ij,ejibio  MOAa$HKaii,nii  cbohctb  acjuuojigsbi  naiviH  6Hjip  nojiy^ 

HeKOTOpHe  HOBUe  npOH3BOAHBie  I];eJIJlK)JI03H  H KapfiOKCHJICO- 
AepH^aiAHX  nojincaxapHAOB  (Kap6oKCHMeTHJiAejiJiioJi03H  h aJiBrn- 
HOBOii  KHCJlOTbl),  a HMGHHO  — 3(J)HpI>I  Ii;6JIJIK>Jl03iiI  C aMHHOKHCJlO— 
TaMH,  3$HpW  AGJIJIH)JI03H  C XJIOpaJiKaHOBHMH  KHCJIOTaMH,. 

rHApa3HABi  ajiBranoBOH  khcjiotbi,  aMHAH  ajibrnnoBOH  khcjioth  ii  i 

N-aaMGIAGHHtlG  aMHABI  aJIBrHHOBOH  KHCJIOTH  H Kap60KCHMGTHJIH,GJI“  - 
AI0JI03H,  npHBHTHG  COnOJIHMGpH  KapSOKCHMGTHJIAGJtJIIOJIOBbl  Hi 

noAHaMHAOB-  . 

Gb[HT63  3(|)IIpOB  AGtiIJlK)JI03BI  C aMHHOKH 
C JI  O T a M H.  GhHTGB  3(|)HpOB  I3,6JIJII0JI03LI  C aMHHOKHCJIOTaMH. 
n03B0JiBGT  BB6CTH  B MaKpoMOJiGKyjiy  13.6 jijiioji OSH  aMHHorpynny  H> 
nyTGM  nocjiGAyioiAeM  KOHAencaAHH  c aMHHOKHCJioxaMH  hjih  noji^- 
aMHAS^MH  nOJiyHHTb  npHBHXHG  COnOJIHMGpH  I3,GJIJIK)JI03H  H HOAH^ME 
AOB.  TaKHG  COnOJIHMGpH  HO  CBOHM  4>H3H:KO-MGXaHH;H6CKHM.  CBOHCT- 
BaM  6yAyT,  OBGBHAHO,  ana^HTGJIBHO  OTJIHHaTbCH  OT  AGJIJIIOJIOSH^ 
H Moryx  npGACxaBJiHTb  xgxhh^gckhh  hhtgpgc.  Kpoivie  xoro,  oiipr 

HHXGpGCHH  KaK  aHaJlOrH  SaOJlOrHHGCKH  aKTHBHHX  pa3BGXBJIGHHHX. 
conojiHMGpOB  nojiHcaxapHAPB  c 6GJiKaMB:  (MyKonojiHcaxapHAOb)  • 
HaJin^ne  aMHHorpynnbi  b MaKpOMOJiGKyjie  ii;gjijih)ji03H  nosBOJiaeri 
paCJHHpHXB  aCCOpxHMGHX  KpaCHTGJIGH  AJI^  II,GJIJIH)JI03HI>TX  BOJIOKOH^. 

a TaK?KG  nojiyaaxb  xhmhhgckh  oKpamGiiHHG  BOAOKiia. 

8(J)HpH  I^ejMI0n03U  C aMHHOKHCJIOTaMH  CHHTeSHpOBaJIH  [d];ny- 

TBM  BaaHMOAeficTBHH  xjioprHSpaTOB  xjiopanrHAPHSOB  aMnnoKHCJiOTr 
c AejiJiK»Ji030ii.  B Ka'iecTBe  hcxoahhx  npoAyKTOB  HcnojiBSOBaJin. 

HHKHIOAHpOBaHHyiO  XJIODKOByH)  AeJIJIH)JI03y  H BHCK03HHH  IIieJIK, 
B Ka^eCTBe  aMHHOKHCJIOT  — P-aJiaHHH,  8-aMHHOKanpOHOByK)  B 
^-aMHHOBHaHTOByH)  KHCJIOTH.  XjIOprHApaTBI  XJIOpaHriEAP^^A®®" 
aMHHOKHCJIOT  HOJiynaJIH  o6pa60TKOH  aMHHOKHejIOTU,  HHTHXJIOpH— 
CTHM  $OC(J)OpOM  B cpcAG  xjiopHCTOro  an,eTHJia.. 
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PeaKi^HK)  3TepH(J)HKai];HH  i;ejiJiK)ji03H  npoBOjJiHJiH  b cpeAe  cyxoro 
;[^HMeTHJi(J)opMaMHAa,  b koxopoM  paciBopajiH  xjioprHffpaxH  xjiopan- 
rHApH;3;0B  aMHHOKHCJiox,  c AoSaBKoii  niipH^HHa  am  CBASBiBannH: 
xjiopHCxoro  BOAopoAa,  BHAejiHiomerocH  npn  peaKii.HH. 

^ - A 

[CcH702(0H)3]^  + t/C10G(CH2);^NH3  -Cl  + [ 

N 


- {C«H,02  (OH)3_j,  [OCO  (CH3)/nH3+  C1]^}„  + 

NHCl 

nojry^ieHHtiM  xjioprHflpax  3(|)Hpa  Aejijiiojiosbi  c aMHHOKHCJiOTOii 
OMHJIHJIH  BOAHHM  paCTBOpOM  HOXalBa. 

XapaKxepHCTHKa  a^npoB  u,ejiJiK)ji03bi  c pasJiMHLiMH  aMiivro- 
Knc.TioxaMH  npHEGAeiia  b xa6jiiii];e. 


CocTQB  a^npoB  neaaiojioabi  c-aMBHOKHcaoxaMH 
TeMnepaxypa  100°;  npoAOJi>KiiTejitHocTb  peaKAHH  6 nac. 


HcXOflHUtt  I 

MaTepnaji 

XjiopruopaT 
xjiopaiiruj^pHfla  | 

aMHHOKHCJIOThI 

OOmee  coaep- 
manne  aaoTa 

B 9(j[)iipe  aeji- 

JIIOJ108H,  % 

ConepjKaHHe 
aMHHHOrO 
asoTa  B B(J)Hpe 

^eJTJIK)JI03LI,  % 

Y 3(1)11  pa 
nenjiK)- 
JI03W 

I'lHKJIIOAHpOBaHHafl 

a-HsNi'CH.HCOCl 

0,3 

3,5 

Aejijiiojioaa  (xaon- 

a-H3N(CH2)6COCl 

2,4  ■ 

1,9 

35 

KOBbiH  nyx) 

C1-H3N(CH2)6C.0C1 

3,5 

3,2 

60 

KaK  BMAHO  M3  xaOjiHAM,  MaKCHMaJiBHaa  cxenent  3aMem,eTiMH 
Y oSpaayiorniHXCH  34)HpoB  u.ejiJiK)ji03H  c aMMHOKHCJioxaMH  cocxaB- 
jiaex  60 — 62,  npnaeM  naSjiiOAaexcH  BoapacxaHHe  sHaHenMH  y ^ yBC- 
jrMHGHHeM  MCJia  MexHjienoBMx  rpynn  b aMHHOKHCJioxe,  x.  e.  c ne- 
peXOAOM  ox  P K l-aMHHOKHCJlOXaM. 

CjiGAyex  OTMexHTB,  hxo  napHAy  c peaKAHeii  3xepH^HKan;Hii  agji- 
jiK)ji03H  npoxeKaex  peaKAHH  KOHAeHcaAHH  aMHHOKHCJiox,6jiaroAapH 
aeMy  coAepn^aHHe  aMHHHoro  asoxa  b 3(J)Hpax  i];ejiJiK)ji03H  BcerAa 
HccKOJiBKO  HHHce  oSiAero  coAepHcaHHK  asoxa.  HeKOxopHe  a^npHLie 
rpynnH  u;ejiJii0Ji03i>i  npeAcxaBJiHiox  co6oh,  no-BHAMMOMy,  ocxaxOK 
AHMepa  aMHHOKHCJlOXH. 

06pa30BaHHe  roMOnojinaMHAa  HaSjiHDAaaocB  xojibko  b cjiyaae 
P-aJiaHHHa;  npa  3xom  yAaJiocB  bbiagjihxb  nojinaMHAM  co  cpeAneii 
cxeneHBK)  nojiHMepHsaAHH  14—15.  HonBixKa  nojiyaHXB  ynasaimBiM 
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cnoco6oM  3(|)Hp  i];ejiJiH)Ji03Li  c a-ajiansHOM  npnBejia  k neyAane,  xaK 
KaK  B peayjifcTaxe  peaKi];HH  o6pa3yK)xcH  xojibko  nenxHAH.  HaM  y^a- 
jiocB  nojiyHHXB  xojiLKO  B^npu  niejiJilOJiOBiii  c N-Kap6o6eH30KCH- 
H N-$XaJIHJirjIHU,HHOM  [2], 

Xjion^axo6yMaHCHaH  xKaHB,  nOBepxHOcxHO  axepn^HHiHpoBaHHaB 
aMHHOKHCJioxaMH  (y  ~10),  HHxencHBHO  OKpamHBaexcH  khcjioxhhmh 
KpaCHXeJIHMH. 

9$HpH  U;eJIJIK)Jl03H  C XJlOpaJIKaHOBHMH 
KHCJioxaMH.  BBe^eHne  xjiopa  b MaKpoMOJieKyjiy  i3;ejiJiK)ji03Bi 
HHxepecHO  KaK  c xotoh  apensH  cHH>KeHE[H  ropiOBecxH  ii;ejiJiioji03“ 
HHX  MaxepnajiOB,  xaK  n c xoTOH.apeHHH  noBHmenHH  hx  rH^po- 
(|)06h0CXH.  OfljHHM  M3  MeXO^OB  BBeAGHHH  XJIppa  B ^eJIJIK)JI03y  HB- 
JIHGXCH  MOJiyMeHHe  ee  3(|)HpOB  C (O-XJIOpaJiKaHOBfcIMH  KHCJioxaMH, 
KOxopHe  HBJiHioxcH  npoMe>KyxoB:HHM  npo^yKxoM  npH  CMHxese 
<0-aMHHOKHCJIOX  MexO^IiOM  TejIOMepH3aU.HH  [3], 

B KanecxBe  HCxo^Horo  npoflyKxa  npH  CHHxeae  a^npoB  n;ejiJiH)“ 

JI03H  C’  XJIOpaJIKaHOBBIMH  KHCJIOXaMH  HCHOJIBBOBaJIH  XJIOHKOByK) 
iiejiJiK)Ji03y,  B KanecxBe  xjiopaJiKanoBHX  khcjiox  — 8-xjiopBa- 
JiepBHHOByK)  H ^-XJIOpSHaHXOByK)  KHCJIOXLI.  3(|)HpBI  Ii;eJIJII0JI03BI 

nojiynaJiH  [4]  ji;eHcxBHeM  na  ii,ejiJiioji03y  xjiopaHrnApH^a  xjiopaji- 
KanoBOH  KHCJIOXLI  no  cxGMe: 

IC6H7O2  (0H)3]„  + yClOC  {CH2)^C1 
->{C6H,02  (OH)3l^  [OCO  + t/  HCl, 

r^e  X = 4 HjiH  6. 

PeaKu;HK)  npoBOfl,HjiH  b npncyxcxBHH  ocHOBanna  (anpH^Hii, 
XHHOJiHH,  flMMexHJiaHHaHH)  B cpe^G  pa36aBHxejiH  (j^HOKcan)  npH 

40 — 100°.  Ha  CKopocxB  peaKi];HH  chjibho  BJinaex  xeMnepaxypa  h 
xapaKxep  npHMeHaeMoro  ocHOBanna.  C 6ojiee  bbecokoh  cKOpocxBio 
aHjHJiHpOBaHHe  npoxeaaex  b npHcyxcxBHH  nnpH^MHa. 

9$HpH  ii;eajiioao3Li  co  3HaaeHHeM  y ^ 200  coxpanaiox  bojiok- 
HHcxyH)  cxpyKxypy,  3$HpH  n;eajiH)ji03Br  c 280—290  npe^cxaB- 
jiaiox  C06010  KayayKonoAo6HHe  MaxepHaJin.  He  BHcymenHwe  npe- 
napaxLi  3(|)HpOB  ii,ejiJiK)ao3Br  c S-xjiopBajiepBanoBon  khcjioxoh  c bli- 
COKOH  cxeneHBH)  aaMemenna  pacxBopaioxca  b an;exoHe  h Oenaojie. 
Hocjie  nepeocaacAGHHa  h3  pacxBopa  h nocjiejniyiomeH  cymKH  3xh 
3(|)HpH  xepaiox  pacxBOpHMOcxB  B 3XHX  pacxBopHxejiax,  Xaon- 
aaxoSyMaJKHaa  xkbhb  nocjie  nOBepxHOcxnoro  an^HJinpOBaHnn 
S-xjiopsajiepBaHOBOH  khcjioxoh  (y  4—5)  ne  cMaaHBaexca 

BO^OH. 

HaMH  cHHxe3HpoBaHLi  xaKa^e  cMeinaHHHe  3(|)HpH  ii;ejiJiioa03Bi 
c yKcycHOH  h S-xaopBaJiepBanoBOH  hjih  ^-xjiopaHaHxoBOH  KHCJio- 
xaMH c n;ejiBio  noayaeHHa  XHMnaecKH  njiacxH$Hn;HpoBaHHLix  aij,e- 
xaxoB  ii;ejiJiK)ao3Br.  9xepH(J)HKaii;Hio  ii;ejiJiH)Ji03H  (npeABapHxeJiBiio 
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aKTHBHpOBaHHOH  yKCyCHOH  KHCJIOTOh)  npOBOAHJIH  CMeCBK)  yKcyc- 

Horo  anrHApH^a  (300%  ox  Beca  ii;ejiJiH)ji03H)  n xjiopajiKanoBOH 
KHCJiOTH  (200—600%  OT  Beca  ia;ejiJiioji03H)  b npHcyxcTBHH  H2SO4 
(10%  OT  Beca  i^ejiJiiojio3H)  b KanecTBe  KaTajinsaxopa  npa  30—38°. 
CMemaHHHH  3$hp  n;ejiJii6ji03H  c cyMMapnoH  cxeneHLio  3aMe- 
meHHH  Y « 300  H c Y ™ ocxaxKy  xjiopaJiKaHOBOH  khcjiotli  15  — 
20  nojiHOCTBK)  pacTBopsM  B an;eTOHe. 

IIojiyHeHHe  rn^pasit^OB  KapSoKCHJico- 

^ep>KamHX  nojiHcaxapHAOB.  IIomhmo  MHOrooSpaa- 

HHX  npOHSBO^HHX  I];eJIJlH)JI03H,  KOTOpHe  M05KHO  HOJiyTOTB  Ha  OC- 

HOBO  peaKi^HH,  cBOHCTBeHHHX  rHAPOKCHJiLHfciM  rpynnaM,  HHxepec- 

HMe  H xexHOTecKH  i3;eHHHe  npoHSBOAHHe  mo>kho  nojiyHHxt  hcxo^h 

H3  OKHCJieHHOM  Il,eJIJlK)Jl03H,  HCHOJIbByH  peaKB;HH  KapSoKCHJIbHOii 

rpynnH.  B KanecxBe  MOMejien  paspaSoxKH  Mexoj^OB  cnnxeaa 
paajiHHHHX  np0H3B0ffHHX  Kap6oKCHJico3ep)Kai[i.HX  nojiHcaxapH- 
AOB  Hcn0Jib30BaJiH  ajibrHHOByio  KHCJioxy  h Kap6oKCHMexHjm,ejiJiio- 
jioay. 

OffHHM  H3  HHXepeCHHX  npOH3BOflHtIX  HOJIHypOHOBHX  KHCJIOT 
HBJiaioxcH  rHApasHfljH,  Koxoptie  Moryx  6bixb  HcnojibsoBauM  ajih 
nojiyneHHH  XHMHnecKH  pKpaineHHoro  BOJiOKHa  h,  bo3mo}kho,  b 
KanecTBe  HOHOoSMenHHX  MaxepHaJiOB.  FHApaasAH  aJibrnnoBOH 
KHCJIOTLI  nojiynajiH  no  cjieAyiomeH  cxeMe: 


MeXHJiOBHH  34)HP  aJIbrHHOBOH  KHCJIOXH  HOJiyHaJIH  [5]  MeXHJIH- 

poBanneM  aJibrnnoBOH  khcjioxh  ^HasoMexanoM  b cpeji,e  a^Hpa. 
rHji;pa3Hj[^  nojiynajiH  [6]  HarpesaHHeM  MexHjiOBoro  3(|)Hpa  aJiLrn- 
hoboh  KHCJIOTLI  c rHflpaaHHrHApaxoM  npn  20 — 100°  b xeneHne  0,5 — 
24  nac.  IIojiyHeHLi  rnapasHfliLi  ajiLmHOBoii  khcjiotli  c MaKCHMajiL- 
HHM  coAepncaHHCM  rHji;pa3HAHLix  rpynn  iia  ajieMeHxapnoe  3BeHO 
0,389.  MaMeHGHHe  ycjiOBHH  peaKn;HH  ne  npHBOfl;Hx  k noBHinenHio 
coAep>KaHHH  aaoxa  b nojiyneHHLix  npenapaxax. 

Cniixes  aMHAOB  ajiLTHHOBoii  khcjiotli  h 
N-3aMeiii,eHHHX  a.  m m.  js,  0 b KapSoKCHMexnji- 
n;ejiJiK)ji03H.  Amhali  nojinyponoBHX  khcjiox  caMH  no  ce6e 
He  npeACxaBJiHiox  6ojiLinoro  HHxepeca,  ho  hbjihioxch  hcxoahlim 
npoAyKxOM  ajih  AaJiBHetniHX  XHMHnecKHX  npeBpamieHHH,  Hanpn- 
Mep,  nojiyneHHH  aMHHOB  h hhtphjiob. 

AmHAH  aJILTHHOBOH  KHCJIOTLI  nOJiyHBJIH  06pa60TK0H  MeXHJiaJIL- 

THiiaxa  jkhakhm  aMMHaKOM[7  ] b aBXOKjiaBenpH  50°  b xeneiiHe  24  nac. 
20  3aK.  414  305 
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nojiy^eHHBie  coAep>KaJiH  0,7 — 0,87  aMHflHux  rpynn  b 9jie- 

MeHTapHOM  3BeHe  MaKpoMOJieKyjiu.  IJonHXKa  nojiy^HTB  aMHHO- 
npoH3BOAHHe  nyTGM  rHApnpoBaHHH  aMH^a  ajibrnHOBofi  khcjiotbi 
npa  noMom,!!  aJiiOMorn^pHAa  jihthh  noKasajia,  hto  axa  peaKii,HH 
npoTeKaex  jihibb  b HesHanHxejiBHOH  cxenenH.  y^ajiDCB  nojiy^HXB 
aMHHonpoH3BOflHHe,  coAepH^amjie  jxhjbb  0,1  aMHHorpynnBi  na 
ajieMGHxapHoe  sBeno  ajiBrniiOBoii  KBcjioxBi.  Bo3moh«ho,  b:xo  9xo 
MO>KHO  oSbhchhxb  xpyAHOcxBK)  AH(|)(|)y3HH  MOJieKyjiBi  LiAlH4  B npe- 
napax  i].ejiJiK)ji03Bi,KOTopaH  Aa>KeHe  Ha6yxaex  b peaKi^HoimoH  cpe^e 
(9$Hp  HjiH  TexparHflpo|)ypaH). 

Mh  nBIXaJIHCB  nOJiyTOXB  HHXpnjIBI  aJIBXHHOBOH  KHCJIOXH  nyXGM 
ji;erH7i;paxau;HH  ee  aMHfla  b rexeporeHHOH  cpe^e  npa  aghctbhh 
n-xojiyojiCy;iB(|)OxjiopHfla  [8]  b nnpH^i^BHenpH  70— 100°.  OAHaK0  9xa 
peaKii,Hfl,  HccjieAOBaHHaH  ji;jih  aMSAOB  ripocxeHniHx  khcjiox,  hg 
npoTGKaGT  c aMH^OM  ajiBrHHOBOH  KHCJioxti.'  KaK  noKaaaji  aHajiHs 
HK-CHGKxpoB  norjiomGHHH  npoAyKxoB  AarHApaxau.HH  aMHji;a  ajiB.- 
rnnoBOH  khcjioxbi,  chhxbix  b HHCXHxyxe  $h3hkh  h MaxGMaxHKH  AH 
BCGP  EpMOJIGHKO  H FyCGBHM,  HHXpHJIBr  npH  9TOM  HG  06pa3yH)XCK. 
Bosmoh^ho,  hxo  9Ta  peaKn,H:H  xaK  >kg  aaxpy^HHGTCH  XGXGporGH- 

HOCXBK)  CHCXGMH. 

HaMH  6bIJIH  CHHXGSnpOBaHBI  XaKH{G  N-3aMGIB,eHHBrG  aMHflBT  aJIB- 
THHOBOH  KHCJIOXH  H Kap60KCHMGTHJIH;6JIJIK)Jl03H  [9]  B3aHMOflGH- 

CTBHGM  xjiopaHrn^pHflOB  yKaaaHHLix  nojiHcaxapn^OB  c 9(J)HpaMH 
aMHHOKHCJlOT — TJIHI^HHa,  e-aMHHOKanpOHOBOH  H |-aMHH09HaHXOBOil 
no  cxotvig: 


IIOJiyHGHBI  aMHflBI  C pa3JIHHIIOH  CXGHGHBK)  3aMGmGHHH,  COflCp- 

H<ani.HG  0,7— 0,9  ocxaxKa  aMHHOKHCJioxBi  na  ajiGMGHxapnoe  3bgho 
nojiHcaxapHfla. 

Pa3pa6oxKa  MGxo^a  CHHXGsa  aMHji;oB  Kap6oKCHJico^GpHcam,HX 
nojiHcaxapHffOB  h aMHHOKHCJiox  paccMaxpHBajiacB  HaMH  KaK  ncp- 
bhh  axan  pa6oxH  ho  CHHXGsy  hphbhxbix  cohojihmgpob  nojiHcaxa- 

pHflOB  H HOJIHaMHflOB. 

ChHTGS  npHBHXHX  COnOJIHMGpOB.  ITpHBHXHG 
COnOJIHMGpH  Kap60KCHMeTHJIU;6JIJII0JI03H  H nOJIH-?-9HaHTaMHAa 
6hjIH  HOJiyHGHH  [10]  COBMGCXHOH  HOJIHKOHflGHCar^HGH  MGXHJIOBOrO 
9(|)Hpa  ^aMHHOOHaHXOBOH  KHCJIOXH  H MGXHJIOBOFO  9$Hpa  Kap6o- 
KCHMGXHJILI;GJIJIH)JI03BI  HJIH  aMHfla  Kap60KCHMGXHJmGJIJII0JI03BI  H MG- 
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Summary 

A method  has  been  developed  for  the  synthesis  of  esters  of 
cellulose  and  co-amino  acids  and  a preliminary  study  has  been 
made  of  their  properties.  Experiments  have  been  made  on  their 
modification  through  the  reactive  amino  groups. 

The  esters  of  co-chl  or  oval  eric  and  co-chloroenanthic  acids  as 
well  as  the  mixed  esters  of  acetic  and  chlorovaleric  acids  have 
been  synthesized  and  the  properties  of  this  new  type  of  cellulose 
esters  have  been  investigated. 

Various  monocarboxylcellulose  amides  have  been  synthesized. 

The  hydrazones  of  the  carboxylated  polysaccharides  have 
been  prepared  and  a number  of  reactions  have  been  carried  out 
with  the  objective  of  further  modifying  the  properties  of  these 
polysaccharides. 

Cellulose-polyamide  graft  copolymers  with  the  polyamide 
molecule  in  the  side  chain  have  been  produced. 

The  synthesis  was  made  of  the  graft  copolymers  of  dicarboxy- 
cellulose  and  polyamides,  each  elementary  unit  of  the  main  chain 
containing  two  side  chains  of  low  molecular  polyamides. 

Graft  copolymers  of  cellulose  and  polyesters  have  also  been 
synthesized. 

Resume 


. On  a elabore  la  methode  de  synthese  des  esters  de  cellulose 
to-d'amino-acides  et  on  a fait  une  etude  prealable  des  pro- 
drietes  de  ces  esters.  Les  essais  concernant  leur  modification 
"aux  depens  d'un  groupe  amine  reactionnel  ont  ete  executes. 

On  a synthetise  les  esters  de  cellulose-co-acides  chlorevaleri- 
anique  et  chloroenantique  ainsi  que  les  esters  mixtes.  de  cellulose 
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des  acides  acetique  et  chlorevalerianique  et  on  a fait  1’ etude  des 
proprietes  de  ces  nouveaiix  types  d’esters  de  cellulose.* 

Une  methode  d/esterification  superficielle  des  materiaux 
cellulosiques  par  co-acides  chlores  a ete  elaboree. 

Les  divers  amides  de  monocarboxylcellulose  ont  ete  synthetises. 

Les  hydrazones  de  polysaccharides  carboxyl es  ont  ete  synthe- 
Uses  et  une  serie  de  transformations  ulterieures  a ete  effectuee 
dans  le  but  de  modifier  supplementairement  les  proprietes  de  ces 
polysaccharides. 

On  a synthetise  des  copolymeres  greffes  de  dicarboxycellulose 
avec  des  polyamides  contenant  deux  chamons  lateraux  des  poly- 
amides de  has  poids  moleculaire  dans  chaque  motif  elementaire 
de  chaene  principale. 

On  a fait  une  synthese  des  copolymeres  greffes  de  cellulose 
avec  les  polyesters. 
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HHHIl,HHPOBAHHE  OKHCJIAMH  A30TA 
HAnPABJIEHHOrO  CHHTE3A 
MOAH(DHU,HPOBAHHbIX  I;EJTJIK)JI03 

II . E p M o > e n n o,  fZ> . H*  K a n y n u ii 

(CCCP) 


B nocjieflHHe  ro^bi  Ba>KHeHxnHM  HanpaBJienHeM  b xhmhh 

JIH)JI03BI  CTaJlO  HSHCKaHEte  MGTO/IjOB  MOAH$HKaU,IIH  66  CBOHCTB  nyTBM 
•cHHTeaa  npOHSBO^Htix,  coAOpJKamHX  Hera^pOKCHjibHtie  $yHK- 

HHOHaJiBHBie  rpynnBi  n oSjia^aiomHX  hobhmh  t6Xhhb:6CKh  i^eu- 

IIBIMH  CBOHCTBaMH,  aTCyTCTByiOIU,MMH  y HCXOflHOH  U,6JIJIH)JI03BT 

[1]. 

nepcn6KTHBHBIM  M6T0A0M  n0fl06HBIX  CHHTBSOB,  B OCOSbHHOCTH 
nOJiyHeHHH  npHBHXBIX  COnOJIHM6pOB  H;eJIJIK)JI03BI,  HBJIH6TCH  BB6JI,e- 
HHe  b MaKpOMOJi6Kyjiy  ii;ejiJiK)Ji03Bi  pa^HKajiBHBix  rpynn, — npoMe- 
HcyTOHHHX  npoAyKTOB,  cnoco6HBix  p6arHpoBaTB  c onpejj;6Ji6HHBiMii 
HHSKOMOJieKyjiapHBIMH  COe^HHeHHHMH,  o6pa3yH  npn  3T0M  HyJKHyK) 
MOffH$Hii,HpOBaHHyK)  ii;ejijrK)Ji03y . IIonBrTKH  BBeAenHH  MaKpopa^H- 
KajiOB  MexaH0XHMHB:6CKHM  nyxeM  h b ycJiOBHHX  o6jiyB:eHHH  OKaaa- 
jiHCB  HjiH  MaJiO3(|)cj)eKTHBHBiM0:  HjiH  npHBOj^HJiH  K rjiySoKoii  ji;ecT- 
pyKi^HH  nojiHM6pa. 

JlynniHM  MBTOAOM  cosAaHHK  MaKpopaAHKajiOB  oKaaaJiocB  fleii- 
CTBHG  OKHCJIHXeJIH  Ha  n;6JIJII0JI03y.  Mcn0JIB30BaHH6  3T0H  lj;6Jin 

030Ha  n03B0JIHJI0  HGKOTOpBIM  HCCJIGflOBaTeJIHM  [2,3]  BBO^HTB 
B MaKpoMOJiGKyjiy  ii,6jijik)jio3H  h ^pyriix  nojiHMGpoB  nGpeKHCHBie 
rpynnBi,  jigfko  pa3JiaraH)in;H6CH  c o6pa30BaHHeM  nepeKHCHBix 
paflHKaJiOB,  cjiy}Kain,HX  aKTHBHBiMH;  ii;eHTpaMH  nojiHM6pH3aij,HH:  npii 
CHHT63e  npUBHTBIX  COnOJIHMepOB. 

OffHaKOHcnojiBsoBaHHe  oaona  fla6T  cpasHHTGJiBHO  hh3Khh[  bbixoa 
p6aKn;HOHHOcrioco6HBix  MaKpopaAnKaJiOB,  npHBOflHT  k naKonjie- 
HHH)  no60BHBIX  npOJ^yKTOB  KHCJIOTHOrO  H BOCCTaHOBHXeJIBHOrO 
xapaKxGpa  h bg^gx  k ^GCxpyKi^nn  nojisMGpa,  a rjiaBHOG,  b03M0?k- 
HOCXH  3xoro  MGxoji;a  ji;jih  nojiy^GHna  XHMnaGCKH  h $b[3Hb:gckb:  tomo- 
rGHHoro  npOflyKxa  orpanHaGHBi.  Hbbgcxho,  nxo  flGHcxBHG  osona 
nanpaBJiGHO  KaK  na  nopBaanBiG,  xan  n BXopnaHBiG  rn^poKcnjiBHBiG 
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rpynnH  MaKpoMOJieKyjiH  i3;ejijiioji03H  h rjiiOKoanj^Htie  cbhsh, 
npCHMymecTBeHHO  b MeHee  iijiotho  ynaKOBaHHux  MHKpooSjia- 
CTHX.  IIoaTOMy  HHTepecHO  Hacjre/^OBaxb  6ojiee  H36j0:paTejii>Ho 
ji.eHCTBypom,He  na  u;ejijiH)Ji03y  OKHCJiHxejiH,  pearnpyiomHe  6ojree 
roMoreHHO,  B03AeHcxByion];He  npeHMynnecxBeuHO  na  KaKoe-jiH6o 
'OnpGflGJieHHOG  II0JI05K6HHG  B BJIGMGHTapHOM  3BGH6  MaKpOMO- 
JIGKyJIH  H HG  npHBOfl5Hm;HG  K CymGCXBGHHOH  ^GCXpyKIi;iIH  nOJIH- 
MGpa. 

BaJKHGHinHMH  H3  xaKHX  B 6ojii>rn6H  HjiH  MGHtmeH  MGpG  naGnpa- 
TGJIBHHX  OKHCJIHXGJIGiiflBJIflroxCHOKHCJIBI  a30Xa,  HanSoJIGG  pGaKU^HOH- 
HOCnOCOSHHG  H flGIHGBHG  OKHCJIHXGJIH  I],GJIJII0JI03H.  CaM  npOJ^yKX 
OKHCJIGHHfl  E{;GJIJII0JI03H  OKHCJiaMH  a30Ta  npGJ^CXaBJIBGX  OnpGJ^GJIGH- 
HHH  npaKXHHGCKHH  HHXGpGC  KaK  MOfl0:(|)im,HpOBaHHaH  U,GJIJII0Jl03a 
G BaJKHHX  CBOHCXB  (npHMGHHGMaH  B XGXHHKG  H MG^HI^HHO) , 

H MO>KGX  CJiyJKHXB  I^GHHEtM  npOMGJKyXOBHLIM  npO/^yKXOM  ^Jlfl  BBC" 
AeHHH  B MaKpoMOJiGKyjiy  paajiHHHHX  (|)yHKJj,HOHaJii>HHX  rpynu, 
HanpHMGp,  aMHHorpynn  [1]. 

McxaHnsM  ^ghcxbhh  okhcjiob  aaoxana  i^Gjijiiojiosy  HsyHGH  pa^OM 
JHCCJIGAOBaXGJIGH  [4  — 7]. 

BbicKaaaHHafl  b Hainnx  paSoxax  [8,  10]  mnoxcsa  o MGXaHHSMG 
9XOH  p6aKlj;HH  BKJHOaaCX  o6pa30BaHHG  B KaaGCXBG  npOM6>KyXOHHHX 
.npoflyKxOB  pGaKii,HOHHocnoco6HLix  MaKpopa^HKajiGB.  Hama-  rn- 
noxGaa  o MGxaHHSMG  okhcjighhh  ii,gjijiiojio3h  OKHCJiaMH  aaoxa  npc^- 
nojiaracx  oSpasoBaHHG  Ha  ncpBOH  cxaflUH  poaKBiHH  aj];cop5i];HOHHoro 
COGJI^HHGHHH  N2O4  C H;GJIJII0JI030H,  JI|aH)IU,GrO  aaXGM  HGyCXOMHHBtlii 
pojiJiiojiOBHBiM  a^Hp  asoxHcxoii  KHCJioxBi  [9],  npGBpamaiomHHCH 
HOA  a^hcxbhgm  okhcjiob  aaoxa  b MaKpopaAH;KaJi  i];Gjr-CH20'  (u;gji  — 

OCXaXOK  I].GJIJII0JI03h). 

riocjiGAHHH  pGarnpycx  c OKHCJiaMH  asoxa,  oGpaaya  ajiBAcrHAiiBic 
rpynnH,  okhcjihk)iii;h:gch  b cboio  ohgpgab  AO  KapGoKCHjiBHHx.  9xox 
npoAGCc  no  anaJiorHH  c pGaKpHHMH  HnsKOMOjiGKyjiHpHHX  moagjib- 
HHX  aJiLAcrHAOB  npoxGKacx  no  paAHKajiBHOMy  Mexannsiviy,  KaK  h 
nocjiGAyioiAHH  npOAGCc  A^^napGoKCHjinpOBaHHH,  HBJiHH)in;HHCfl,  Kan 

MbiycTaHOBHjiH  [11,  12],  conpfljKeHHOH  peaKii;Heii  npa  OKHCJieHHH 
HGJiJiiojiosH  OKHCJiaMH  asoxa. 

CxGMy  MGXaHHBMa  A^HHOH  pGaKI],HH  MO>KHO  npCACXaBHXB  B CJIG- 
bhag  [8,  10]  (cm.  cji.  exp.). 

KpOMG  OCHOBHOH  peaKAHH,  HpCAOXaBJIGHHOH  Ha  CXGMG,  OCy- 
mecxBJiHioiAeHCH  c ynacxHGM  hgpbhhhbix  rnApoKCHjiBHHX  rpynn 

AGJIJIIOJIOSBI,  GojIGG  HaH  MGHeG  HHXGHCHBHO  HpOXGKaiOX  noGOHHHG 
peaKAHH,  npHBOAHiAHe  k o6pa30BaHHK)  neypoHOBHX  KapGoKCHJiB- 
HHX  KGXO-  H HHTp03(j)HpHHX  TpyHH,  HXO  yCXaHOBJIGHO  XHMHHGCKHMH 
MGXOAaMH  H nOAXBepH^AGHO  AaHHBIMH  HH$paKpaCHOH  CHGKXpOMGX- 

pHH  [13,  12].  KaBGpaHGBa  h CajiOBa  [6]  xmaxejiBHo  hccjigao- 

BaJIH  OKHCJIGHHG  H,ejIJIK)JI03H  OKHCJiaMH  a30Xa  H HaHIJIH,  HXO  HX 

peayjiBxaxBi  cooxBexcxByiox  Hamen  rnnoxeae  o MexannsMe  peaK- 
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i;hh  h He  corjiacyiOTCH  c MexaHHSMOM,  npeflJioHteHHMM  KchhOt 

HOM  [41.  , 

B flonojiHenke  k npHBefleHHOH  cxene',  KaBepsHeBa  h CajiOBa  na 

OCHOBaHHH  OnHTOB  C N2O3  IIOKaSaJIH,  HTO  CTa6HJIH3aDlHH  paflHKaJIOB 


I . .0 

C— OH  + 0=N— O— 


H NO"^  / NO 


ne^ — C — O - 
H , 


0=N— O-N^ 


neA — (j^- 


^ ueA—C — O — N— 0 

I 

H 


^-0—0“  -M-'I 


!<ej-C-0-Nt 


■ u,e^-‘C^O 


• ^eJi — CO 


■4^^— COOH 


4^^— coo 


' HeA — NO^ 


ia,eji-CH20*npoHCXOfl;HTHeTOJiLKorioAAeHCTBHeM  NO2,  ho  h N2O3, 
npH^eM  c 6ojiBineH  cKopocxLK).  Tor^a  nocjieAHne  cxa^HH  cxomh 
6yAyx  npeji;cxaBJieHH  cjie^yiomHM  o6pa30M: 

ii,eA — CH.^0*4;^ 


4e^~-C=0  ■»  HNOv 


r/-  N I 

Vb  4*'^— CH.p-NO.^  ’ 


4^^— C=0  ^ HNO  ^ NO 


TaKHM  o6pa30M,  npn  OKHCJieHHH  ii;ejiJiK)Ji03H  OKHCJiaMH  asoxa 
B KanecTBe  npoMejKyxOHHtix  npo^yKTOB  naKanjiHBaioxcH  peaKn^noH- 
HOcnoco6HHe  MaKpopa^HKajiu.  HHxepecHO  bhhchhxb  bosmojkhocxb 
Hcnojib30BaHHH  axoro  3$(|)eKxa  nojiyHeHHH  MOAH(|)HD(HpoBaH- 

HHX  I^eJIJII0JI03. 

BaJKHoe  npaKXH^ecKoe  sHaneHne  nneex  BBeffenne  b MaKpoMO- 
jieKyjiy  u;ejiJiK)Ji03ii  CBflaaHHoro  (J)Oc$opa,  hxo  npHffaex  moah(J)hu,h;- 
poBaHHOH  n,ejiJiK)ji03e  orHecxoHKocxs  h nosBOJinex  nojiy^axt 
HOHOo6MeHHBaiom,He  npo/j;yKxti  6ojii>inoH  omkocxh.  CymecxByex 
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MHoro  cnocoSoB  npH^annH  i],ejijiK)ji03e  orHecTOHKOCTH  BseAenneM 
B nee  coeflHHeHHH  (|)oc(j)opa,  ho  yctohhhbhh  3$(J)eKT  j^slbt  jihiub 
BBe^eHne  b ojieMeHTapHoe  SBeno  MaKpoMOJieKyjiu  XHMHHecKn 
CBHaaHHoro  (|)OC(|)opa  [14].  Mu  A^HCTBOBaJiH  na  i^ejuiioaosy, 

pacTBopeHHyH)  hjih  HaSyxmyio  b (J)oc$opHOH  khcjigto,  pacTBopoM 
OKHcnoB  aaoxa  b tom  me  pacTBopmejiG  [15]. 

ynoTpeCjiflJiH  pasjiHHHHe  KOHii;eHTpau,HH  okhcjiob  asoxa  h i^eji- 
jiK)ji03H  B peaKu;HOHHOH  CMecH.  AnaJiHB  npoAyKxoB,  nojiyneHHHX 
npH  xeMnepaxypax  0—10°,  noKaaaji,  hxo  coAepjKaHse  CBHsaH- 
Horo  $oc(|)opa  yBejiHHHBaexcn  c npoflOJiJKHxejiBHOcxLH)  peani^HH 
H Hepe3  100—200  mhh.  ji;ocxHraex  sHaneHHH  2 — 3%. 

He  HCKjiiOHeHO,  hxo  b mecTKnx  ycjiOBsax,  npn  bhcokhx  xeM- 
nepaxypax [14]  xeaenne  peaKu;HH  onpe^ejiHexcH  HaKonjieHHeM 
MaKpopasHKajiOB  pa3JiHHHoro  CTpoenna  npn  xepMOAecxpyK^HH. 
BBeAeHHe  MaKpopajuHKaJiOB  fleHcxBHeM  OKHCJinxejia  noaBOJinex 
BecxH  npon;ecc  b MarKHX  ycaoBnax  (xeMnepaxypa  0 — 10®)  6e3  cy- 
mecxBeHHOH  AecTpyKB(HH  MaKpoMoaeKya. 

KaK  H3BecxHO,  orHecxoHKOcxfc  y>Ke  oSecneanBaexca  BBeAenneM 
o^^HOH  (J)oc(|)axHOH  rpynHH  Ha  Ka}K;a;He  6 — 12  aaeMenxapHHX  sBenbeB 
MaKpoMoaeKyaii  ij,eaaH)ao3bi  [14],  IIpayaeHHHe  naMH  npoflyaxH 
o6aaflaK)x  yfl;oBaexBopHxeaBHOH  orHecxoHKOcxbK). 

HHxepecHO,  hto  coji;ep>KaHHe  KapOoKCHabHHX  rpynn  b bxhx 
npoffyKxax  aBaaexca  He6oaLinHM  (oKoao  1,5%)  xana^e  KaK  h CBa- 
aaHHoro  asoxa,  onpe^eaenHoro  no  ueTOji^y  KbeaBAaaa  (Menee 
0,2 — 0,3%).  fl^aHHiie  xHMHaecKoroaHaaH3anofl;xBep>KAaK)Tca  xaK>Ke 
npn  Hccae;i;oBaHHH  npoflyKxoB  Mexo;i;oM  nn^paKpacHon  cneKxpoMex- 
pHH  no  onncaHHOH  MexoflHKe  [10].  Ha  pnc.  1 npHBGAeHH  cneKxpu 
noraon^eHna  i^eaaioaosH,  npoMHxon  h BHcymennoH  nocae  Ha6y- 
xanna  b 4>oc(J)opHOH  KHcaoxe  b xeaenne  xpex  aacoB  (KpHsaa  i), 
nocae  o6pa6oxKH  1,5  3 n,eaaK)ao3H  pacxBopoM  1,5  e N2O4 
B 200  Mji  84%-hoh  $oc(|)opHOH  KHcaoxH  (KpHBaa  2)  H 1,5  2 ii;ea- 
aK)ao3M  pacTBopoM  3 2 N2O4  b 200  mji  84%-hoh  (j[)OC(|)opHOH 
KHcaoxLi  (KpHBaa  5). 

Hoaoca  noraomenna  KapSoKcnabHOH  cbhsh  C — 0 b oOaacxn  5 ,8[ji 
B cneKxpax  npofl;yKTOB  cpaBHHxeabHO  Maao  HHxencHBHa,  caeAOBa- 
xeabHO,  co;i;epa«aHHe  Kap6oKCHai>HHX  rpynn  Maao.  Hx  KoanaeoxBO, 
H3MepeHHoe  Kan  onncano  panee  [16],  cooxBexcxByex  j*;aHHHM  xh- 
MHaecKHX  anaanaoB, 

OSn^HH  xapaKxep  cneKxpa  aHaaornaen  xapaKxepy  cneKxpa, 
CHaxoro  O’KoHHopoM  n Ap.  [18]  (|)OC$axa  n,eaaK)ao3H,  noay- 
aeHHoro  AencxBHeM  (J)oc$opHOH  KHcaoxH  H MoaeBHHHHa  n,eaaK)ao3y 
npH  BHCOKOH  xeMnepaxype.  HoaxoMy  ne  ncKaioaeno,  axo  b o6ohx 
cayaaax  oSpasyioxca  npoAyKxu  6aH3Koro.  cxpoenna.  ycaoBna 
BLinoaHeHHa  peaKAHH  cyni;ecxBeHHO  Banaiox  na  HanpaBaenne 
npoD;ecca.  TaK,  no  AaHHHMMaxHAanllHaHO  [17],  AeHcxBne  NaN02 
Ha  Aeaaioaoay  b $oc$opHOH  KHcaoxe,  conpoBoa<Aaioni,eeca  BUAe- 

3ia 
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jieHHeM  Tenjia  h BcneHHeaHHeM,  ne  npHBOflHT  k CBHSHBaHHio  $oc- 
^opa  H BH3HBaeT  yBejiH^enne  co;i;epH{aHHH  Kap6oKCHJiBHHx  rpynn. 

IIpOAOJI^KHTeJIbHOe  fleHCTBHe  $OC(j)OpHOH  KHCJIOTH  Ha  I].eJIJII0JI03y 
:b  OTcyTCTBHe  okhcjiob  a30Ta  ne  npaBO^HT  k CBH3HBaHHK)  $oc$opa 
H cneKTpu  npo^yKTa  npaKTHnecKH  ne  OTJiHnaiOTCH  ot  cneKTpa  hc-* 
xo^HOH  H,ejrjiioji03Bi  (pnc.  1), 

M 
15 


10 


A5 


P^c.  1.  CneKTpti  norjipmeHHH  xjiohkoboh  i;eJiJiiojio3H,  o6pa6oTaHHOH  84%-hhm 
pacTBOpOM  (|)oc$opHOH  KHCJIOTH  B TOHeuHe  xpcx  HaCOB: 

KpiiBaa  1 — 6e3  AoGaBjiemia  okhcjiob  aaoxa;  2 — c 1%  -hum  pacTBopoM  Na204Bl$oc$opHOii 
KHCJiOTe;  3 — c 2%  -hum  pacTBOpOM  Na204  b $oc(|)OpHOM  khcjigto. 

TaKHM  o6pa30M,  okhcjih  a30Ta  HHHH;HHpyiOT  peaKii;HH)  oSpaso- 
BaHHH  npo;i;yKTa,  coAepH^ain,ero  CBHsaHHMH  (|)oc(J)op.  Oxa  peaKu^HH 
MOJKGT  npeflCTaBHTfc  npaKTHHGCKHH  HHTepeC  C TOHKH  speHHH  HOJiy- 

HeHHH  MOAH$Hii;HpoBaHHHX  i];ejiJiK)ji03,  a ee  HCCJieAOBaHne  mokgt 
,AaTB  AoriojiHHTejifcHMe  CBeAGHHH  o6  oco6eHHOCTHX  MexaHH3Ma  Baa- 
HMOAeiiCTBHH  ii,ejiJiioji03i>i  c OKHCJiaMH  aaoTa. 
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Summary 

Among  some  of  the  most  promising  methods  of  the  chemical 
modification  of  cellulose  are  reactions  initiated  by  the  formation 
of  cellulose  macroradicals  (synthesis  of  graft  and  block  copoly- 
mers, modifications  in  the  chain,  etc.). 

The  best  means  of  forming  macroradicals  was  found  to  be 
oxidation  of  the  cellulose. 

In  this  respect  of  particular  interest  is  the  action  of  a selec- 
tive oxidant,  for  instance  nitrogen  peroxide,  giving  rise  to  macro- 
radicals uniformly  distributed  within  the  polymer,  as  follows 
from  the  reaction  mechanism  previously  suggested  by  us  and 
confirmed  and  elaborated  by  Kaverzneva  and  Salova.  Since,  nit- 
rogen peroxide  acts  mainly  on  the  primary  hydroxyl  groups  of 
cellulose,  the  resultant  macroradicals,  intermediate  products 
of  the  oxidation,  are  localized  at  the  sixth  hydrocarbon  atom. 

These  radical's  may  be  used  for  the  directed  modification  of 
cellulose,  including  graft  polymerization. 

To  investigate  the  mechanism  of  this  process  we  chose  a simple 
case,  esterification  of  cellulose  by  phosphoric  acid. 
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It  is  well  known  that  under  ordinary  conditions  the  action  of 
aqueous  phosphoric  acid  solutions  on  cellulose  does  not  lead  to* 
esterification.  However  in  the  presence  of  small  amounts  of  nitro- 
gen peroxide  in  the  reaction  medium  products  are  formed  with 
high  phosphorus  contents  (up  to  13%  in  our  experiments).  The- 
content  of  carboxyl  groups  and  bound  nitrogen  in  this  polymer 
sharply  falls  in  comparison  with  polymers  obtained  as  a result 
of  nitrogen  peroxide  action  in  the  gaseous  phase  or  in  CCUr 
in  the  absence  of  phosphoric  acid  and  with  the  same  concentration 
.of  oxidant. 

The  over-all  carboxyl  and  phosphoric  group  content  in  this 
product  approaches  the  carboxyl  content  of  that  obtained  under 
the  same  conditions  but  in  the  absence  of  phosphoric  acid. 

In  line  with  our  suggested  mechanism  for  the  oxidation  of 
cellulose  by  nitrogen  peroxide  the  results  bear  evidence  of  the 
accumulation  of  reactive  macroradicals  in  the  cellulose,  that 
under  the  experimental  conditions  are  intermediates  of  the 
oxidation  of  cellulose  and  its  esterification  by  phosphoric  and 
nitric  acids.  Experiments  have  shown  that  on  increasing  the  nit- 
rogen peroxide  concentration  in  the  reaction  mixture  from  2 to 
6%  the  amount  of  bound  phosphorus  decreases,  whereas  the 
nitrogen  and  carboxyl  contents  correspondingly  increase. 

The  action  of  NO2  --  H3PO4  mixtures  on  cellulose  prelimina- 
rily oxidized  by  NO 2 in  the  gaseous  phase  does  not  lead  to  phos- 
phorus binding,  which  once  again  emphasizes  the  decisive  part 
played  by  the  macroradicals  formed  by  oxidation  of  cellulose. 

The  above  mechanism  is  confirmed  by  experiments  on  the 
temperature  dependence  of  the  reaction  rate.  A study  of  the  reac- 
tion kinetics  with  the  aid  of  the  ultra  violet  spectra  also  revealed 
the  role  of  nitrite  as  an  intermediate  product  both  in  reactions 
of  phosphorus  binding  as  well  as  carboxyl  group  accuinulati on. 
The  phosphorus-containing  product  (subjected  also,  to  infra  red 
spectroscopy)  possessed  satisfactory  fire-proof  and  ion  exchange 
properties. 


Rfes  ume 

Les  reactions  initiees  par  la  formation  des  macroradicaux 
de  cellulose  (Eobtention  des  copolymeres  greffes,  des  copolymeres 
en  bloc,  la  modification  daiis  la  chaine  etc)  se  rapportent  aux 
methodes  les  plus  perspectives  de  rhodification  chimique 
de  la  cellulose. 

Enaction  de  Toxydant  sur  la  cellulose  a ete  trouve  la  meii* 
leur  methode  de  creation  des  macroradicaux. 
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A cette  occasion  un  interet  particulier  est  represente  par 
des  oxydants  agissant  s61ectivement,  notamment,  dioxyde 
d ’azote  qui  forme  en  a gissant  sur  la  cellulose  les  macro- 
radicaux  repartis  d’une  maniere  homogene  dans  le  volume  du 
polymere,  comme  il  resulte  du  schema  du  mecanisme  de  la 
reaction  donnee  que  nous  avons  propose  auparavant  et  qui  a 
ete  confirme  et  detaille  par  Caverzneva  et  Salova,  Puisque  le 
dioxyde  d’azote  agisse  principalement  sur  les  groupes  hydroxy- 
les  primaires  de  cellulose  les  macroradicaux  naissant  dans  ce 
■cas  qui  presen  tent  des  intermediaires  de  leoxydation,  sont 
localises  chez  le  sixieme  atome  carbonique. 

Ces  radicaux  peuvent-etre  utilises  pour  la  modification  orientee 
de  cellulose  y compris  I’obtention  des  copolymeres  greffes. 

Pour  1 etude  du  mecanisme  du  processus  donne  nous  avons 
choisi  un  cas  plus  simple  — I’esterification  de  la  cellulose  par 
I’acide  phosphorique. 

On  sait  que  1 action  de  la  solution  aquense  d’acide  phospho- 
rique sur  la  cellulose  dans  les  conditions  ordinaires  ne  cause  pas 
la  reaction  d ’esterification.  En  meme  temps  la  prfoence  en  milieu 
reactionnel  d’une  faible  quantite  de  dioxyde  d’azote  aboutit  h 
la  formation^  du  produit  a haute  teneur  en  phosphore  (dans  nos 
experiences  a 13%).  Le  contenu  des  groupes  carboxyliques  et 
de  I’azote  lid  dans  ce  polymere  chute  brusquement  par  rapport 
au  polymere  obtenu  par  1 action  du  dioxyde  d’azote  en  phase 
gazeuse  ou  dissolu  dans  CCI4  a la  meme  concentration  de  I’oxy- 
dant  en  presence  d’acide  phosphorique. 

Le  contenu  total  des  equivalents  des  groupes  carboxyliques 
■et  du  phosphore  dans  un  tel  produit  est  proche  du  contenu  des 
equivalents  des  carboxyles  dans  le  produit  obtenu  par  Taction 
du  dioxyde  d’azote  sur  la  cellulose  en  Tabsence  d’acide  phospho- 
rique dans  les  memes  conditions. 

En  conformite  de  notre  schema  du  mecanisme  d’oxydation 
de  cellulose  par  le  dioxyde  d’azote  ces  resultats  tem'oignent  de 
Taccumulation  dans  la  cellulose  des  macroradicaux  actifs  qui 
sont  dans  les  conditions  d ’experience  un  intermediaire  de  Toxy- 
dation  de  cellulose  comme  de  son  esterification  par  les  acides 
phosphorique  et  azotique. 

Les  experiences  ont  montre  que  I’accrissement  de  la  concen- 
tration du  dioxyde  d’azote  en  milieu  reactionnel  de  2 h 6% 
cause  la  diminution  du  phosphore  lie  tandis  que  le  contenu  de 
Tazote  et  des  carboxyles  respectivement  croit. 

L ’action  du  melange  H3PO4 — dioxyde  d’azote  sur  la  cellulose 
oxydee  prealablement  par  NO2  en  phase  gazeuse  ne  cause  pas  le 
liage  du  phosphore  ce  qui  confirme  encore  une  fois  le  role  deter- 
minant des  macroradicaux  qui  se  forment  lors  de  Taction  d’oxy- 
dant  sur  la  cellulose. 
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Le  mecanisme  du  processus  ci-dessus  expose  confirme  nos 
etudes  relativement  a I’influence  de  la  temperature  sur  la  cineti- 

que  de  la  reaction.  ^ 

L’etude  de  la  cin6tique  de  la  reaction  d’apres  les  spectres 
U.  V.  confirme  aussi  le  role  du  nitrite  comme  produit  interme- 
diaire  dans  la  reaction  de  liage  du  phosphore  ainsi  que  d^accu- 
mnlation  des  carboxyles.  Le  produit  contenant  le  phosphore  lie 
(il  etait  etudie  aussi  par  la  methode  de  spectroscopic  J.  R.) 
possedait  une  rfeistance  a feu  et  les  proprietes  d’echange 
d’ions. 
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OKHCJIHTEJIbHLIE  nPEBPAlHEHHfl  B l^EIin  MOJIEKyjTbl 

^EJUIH)J103bI 

B.  H.  n eauoe,  H.M.JleHuiuHa,  B.C.Heanoea 

(CCCP) 


OrpoeHHe  MOJieKyjiBi  uejiJiiojioaH  H3o6pa>KaeTCfl  naMii  [1] 
cipyKTypHOH  $opMyjiOH  (cxeMa  A) 


A 

ToiKaMH  o6o3Ha’ieHu  HeH3MeHeHHHe  rjiK)K03Hue  ocTaTKH.  B na- 
CTOHmGe  BpeMH  3Ta  TOHKa  3peHHH  HaXOflHT  BC6  6ojiee  niHpOKOe 

BKcnepHMeHTaflbHoe  noATBepwfleHge  [2—6].  HaanTOe  neraioKo- 
3HA0rjii0K03HHX  CBflaeH  B AenH  MOJieKyjiBi  ii;ennioji03H  BH3HBaeT 
rHApojiHTmecKHH  pacnafl  no  3thm  CJia6E>iM  MecxaM  b khcjioh  cpeAe 
I MccjiGAOBaHne  nejijiiojioa,  coAepwa^^HX  Bvnenn  (J>parMeHTH 
xnna  I,  II,  III  n IV  (B),  noKasajio,  nxo  CKopocxt  nx  KHcnoxHoro 
rnApojiHsa  pacxex  b pn^y:  I < II  III  < IV 


I _ -11  s '" 


MexaHH3M  KHCJioro  rnAponnaa  Hann  onnCHBaexca  cxeMon  (B) 
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CjiBsoBatejibSo,  BBefleHMe  b a-noJiGHceHae  peBKo  otpHUaTeJii.-- 
HHX  Kap6oKCHJiBHHX  rpynn  hojijkho  CTa6HJiH3HpoBaTb  1 — 4 n 1 5 
aaeTajibHHe  cbhsh  [10,  11].  OnHOBpeMBHHO,  BBeaenne  Menee  ot- 
pwTTaTP..TibTiMx  aJibaerHflHHX  h raflpoKCHJibHHx  rpynn  ffonatHO  noBH- 
maTb  JiaSnjibHocTb  arnx  anexajibHbix  CBHsen.  Hamn  nccjieflo^ 
BaHHH  noKaaajiH,  hto  cnoco6HocTb  k npoTonnaaniHH  ai^eTajibHHX 
KHCJiopoflOB  B cjiy^iae  cxpyKTyp  II,  III  n IV,  x.  e.  npn  najin- 
TtwTT  paaoMKHyxoro  i^HKJia  b o6in;eM  BH^e  corjiacyexca  c nojionte- 
HHHMH  BHi^HHaiibHoro  3$(J)eKxa.  Hs  axoro  BHTBKaex,  nxo  nesaBH- 
CHMO  ox  ajieKxpoHHO.H  npnpoAH  (^)yHK^H^  y Ca  H Cs  paaonKnyxoro 
nnpanoBoro  i^HKJia  1 — 4 n 1— 5 an,exajibHbie  cbhbh  pesKo  ocjia6- 

JIHIOTCH,  9th  3KClIGpHM6HT3.JII>HH6  J^a.HHI>l6  npHBO^HT  K BBIBO^y,  HTO 

HHpaHOBHH  H,HKJI  H paBMHKaHHG  GFO  CymeCTBeHHO  BJIHflIOT  Ha 

ycTOHHHBOCTb  ai],eTa;jibHHX  cbhbch  BCJiG^CTEHe  HBMeneHHH  pacnpe- 

^ejieHHH  ajieKxpoHHiiix  njiOTHOCTen. 

OSnapyH^GHHoe  naMH  BHanenHe  nHpaHOBoro  ii;HKJia  no^TBepHC- 
^aeTCK  aHajIOTHHMH  CBOHCTB  HHBKOMOJieKyJIHpHHX  OpraHHHGCKHX 
COGJ^HHGHHH,  TaK,  BBG^GHHG  Kap6oKCHJIbHHX  rpynn  B HOJIOJKGHHG  6, 
HJIH  CO-rpynnbi  b hojiojkghhg  2 hjih  3,  hg  BLiSHBaGT  cyni;GCTBGH- 
Horo  nOBbiniGHHH  Jia6HJIbHOCTH  aii;GTaJIbHbIX  cbhbgh  b khcjioh 
GpGAG.  B TO  H<G  BpGMH  1 ,l-A™6T0KCHrJIK)K03a  [F ,a\  rHApOJIHSy' 
GTCH  CJia6HMH  TGHJIHMH  KHCJIOTaMH,  di  MGTHJirJIH)K03HA 
rH;jp0JiH3yGTCH  jiHmb  npH-  KHnHnGnnn  [8,12], 

’ H OH 

/OCH3  • 

CH2OH— (CHOH^'-CH 


r 

TaKOG  H3MGH6HHG  CBOHCTB  a aU,GTaJIbHbIX  CBfl3GH  HO  A BJIHflHHGM 
nnpaHOBoro  i];HKJia  aojih^ho  hmgtb  cbohm  cjigactbhgm  h h3MGhghhg 
pGaKii;HOHHOH  chocoShocth  (JyHKi^HOHaJibHHX  rpynn.  HaMH  npoBG- 
J^GHO  OKHCJIGHHG  HpGHapaTOB  J^HaJIb^Gm^- [13,  14]  H AHKap6o- 
KCHI;GJIJIK)JI03H  OKHCJiaMH  a30Ta  B CTaTHHGCKHX  yCJIOBHHX.  11  pH  OTOM 
6biJia  nojiyncna  0KCHii;GJiJii0Ji03a,  HasBanHaH  hbmh  TpHKap6oKCH- 
PiGJIJIIOJTOBOH 
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PeayjibxaTH,  nojiynennHe  npn  HsyneHHH  OKucjieHHH  yKaaaHHHX 
npenapaxoB,  npHBe;i;eHH  b Ta6ji.  1 h 2. 

Ta6jiHi^al 

J^aHHbie  o6  oKHCjiCHHii  npenapaxoB  AHajibAerHAi^^^Jiioaoabi 
OKHcaaMH  aaoTB  aa  48  nacoB 


CoflepmaHiie 
CHO,  % 

1 COOH-rpynnu, 

% 

CooTHorae- 
HHC  u/C 

oOmee 

cojiepHiaHHe 

ypoHOBue 

(u) 

neypOHOBLie 

(C) 

18,2 

34,0 

8,1 

25,9 

0,30 

24,7 

40,8 

6,3 

34,5 

0,20 

29,5 

44,9 

5,5 

39,4 

0,14 

36,9 

51,8 

2,3 

49,5 

0,04  ' 

TaSaiina  2 

^aiiHbie  cKopocTH  OKHcaennH  ABKap^oKcnaeaaioaodbi 
(22%  COOH-rpynn)  oKHcaaMH  asora 


1 

BpeMR 
OKHCJie- 
HIIH,  Hacu 

COOH-rpynnu,  % 

oCmee 

coAepmaHiie 

ypoHOBue 

HeypoHOBbie 

12 

24,5 

.2,1 

. 22,4 

24 

26,6 

3,1 

23,5 

48 

27,4 

2.4  , 

25,0 

72 

26,1 

3,9 

22,2 

96 

27,7 

3,6 

24,1 

Ha  3THX  ashhhx  BHTeKaeT,  hto  ranaHHan  okhcjiob  aaoTa 
peaKii;HH  okhcjighkh  mecToro  yrJiepoAiHoro  axoMa  Kpanne  saxpy^^- 
Hena  h hxo  ona  nponcxoAHX  Jiamt  b rAioKoaHux  ocxaxKax,  hmgio- 
mHx  napaHOBHH  ii;hkji. 

BJIa^o^^apH  axoMy  mh  CMorjiH  nojiyHHXb  npaKXHnecKH  ™cxbiif 
npenapax  nojiHan^eTajiH  apHxpoHOBOH  h rJinoKCHJioBOH  khcjiot.. 
IIojiyHeHHHH  HOBHH  XHH  xpHKap6oKCHu;ejiJiiojio3iii  oSjiaAaex  bojtok- 

HHCXOH  CXpyKXypOH,  OXHOCHXeJIbHOH  yCXOHHHBOCXbK)  K KBCJIO- 

My  rHApojinay  h bhcokoh  HOHoo6MeHHOH  cnoeofiHocxbio  (;ao 
11  MJi-dKeje),  Ha  axoM  Bei3a;ecxBe  bosmoh^ho  paa^ejinTb  6ejiKn^ 
6HOJiorOTecKH  anxHBHbre  Bemecxsa,  HanpHMep  AKTF,  KaxicHbi. 
HcnojibaoBanne  xaKOH  bojiokhhcxoh  OKCHn,ejiJiioji03iii  iiosbojiiit 
co3Aaxb  HOBoe  HanpaBJieHne  b HOHOo6MeHHOH  xpoMaxorpa^HH  iia 
6yMare. 
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7. 

8. 

9. 

10. 

11. 


Resume 

On  montre  que  dans  toutes  les  preparations  de  cellulose 
separee  du  tissus  vegetaux  il  y a des  fonctions  nonhydroxyles 
en  position  1,  2,  S et  6 des  motifs  elementaires  glucosiques 
particuliers.  La  presence  des  traces  de  ces  groupes  change  les 
propriet^s  physiques  et  chimiques  de  cellulose.  Pour  6tudier 
t’influence  des  groupes  fonctionnels  sur  la  stability  de  liaison 
glucosidique  dans  la  molecule  de  cellulose  ainsi  que  pour  obtenir 
les  produits  oxydes  ayant  une  importance  independante  nous  avons 
6tudie  les.voies  possibles  des  reactions  d’oxydation  de  la  cellulose. 

En  addition  aux  travaux  precedents  concernant  1 ’ etude  des 
trknsformatibns,  primaires  par  I’oxydation  de  la  cellulose  nous 
etudions  I’oxydatibn  de  cellulose  par  le  periodate  de  sodium 
suivie  par  I’oxydation  k I’aide  des  oxydes  azotiques.  Dans  cette 
voie  nous  avons  reussi  a obtenir  des  produits  oxydes  contenant 
220  COOH- groupes  par  100  unites  glucosiques.  Ce.s  groupes  se 
trouvent  en  position  2,3  et  6.  Ici  on  a etabli  que  dans  les  cycles 
ouverts  piraniques  etait  observe  I’inhibition  d’bxydation  des 
grbupes  primaires  OH.  A la  suite  de  I’oxydation  de  cellulose 
par  le  periodate  de  sodium  et  par  les  oxydes  azotiques  nous 
avbns  otteiiu  la  dicarboxycellulose  avec  la  teneur  theorique 
des  groupes.  carboxyles  contrairement  aux  autres  precedes  qui 
donnent  lbs  produits  dont  la  teneur  en  grbupements  dicarboxyles 
ne  de  passe  pas  50%  de  la  theorie. 
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Les  produits  d’oxydation  de  cellulose  obtenus  out  une  struc- 
ture fibreuse,  se  dissolvent  dans  la  solution  aqueuse  dilute  de 
soude,  ont  une  resistance  relative  a I’hydrolyse  acide,  sont  sta- 
bles, en  cas  du  stockage  en  plein  air;  contrairemeiit  ^ dicarboxy- 
et  mono-carboxycellulose  ils  ne  comportent  gue  les  traces  d ’azote 
Nous  avons  appele  ce  type  de  cellulose  oxydee  la  tricirboxycellu- 
lose,.  La  tricarboxycellulose  possede  une  capacite  haute  et  selec- 
tive d’echange  d’ions  ce  qui  permet  de  s^parer  les  cations  y 
compris  les  molecules  prot4iques.  Le  nouveau  type  de  cellulose 
fibreuse  oxydee  permet  de  d^velopper  une  nouvelle  direction  de 
chromatograph] e a papier. 


Summary 

It  has  been  shown  that  in  all  cellulose  specimens  isolated 
from  plant  tissues  there  are  non-hydroxyl  groups  in  the  1,  2,  3 
and  6 positions  of  some  of  the  glucose  repeating  units.\Thei  pre- 
sence of  traces  of  these  groups  changes  the  physical  and  chenaical 
properties  of  the  cellulose.  With  the  aim  of  studying  the  effect 
of  the  functional  groups  on  the  stability  of  the  glucoside  hpnd 
in  the  cellulose  molecule,  and  also  of  obtaining  oxidized  products, 
of  importance  by  themselves,  we  have  investigated  the  possible 
ways  of  cellulose  oxidation. 

As  an  extension  of  previous  work  devoted  to  the  primary 
oxidative  reactions  of  cellulose  we  have  studied  its  oxidation 
by  sodium  periodate  with  the  subsequent  oxidation  by  nitrogen 
oxides.  By  this  procedure  products  could  be  obtained,  containing 
220  COOH  groups  per  100  glucose  residues.  These  groups  are  un 
the  2,  3 and  6 position.  The  reactions  showed  that  in  opened  pyran 
rings  there  is  a hinderance  to  the  oxidation  of  primary  OH  groups. 
In  contrast  to-  other  methods  giving  products  with  not  more  than 
50%  of  the  theoretical  number  of  di carboxylic  groups  the  succe- 
siye  oxidation  of  cellulose  by  sodium  periodate  and  nitrogen 
oxides  yielded  the  theoretical  amounts  of  dicarboxycellulose 
with  respect  to  the  carboxyl  group  content. 

The  oxidation  products  we  have  obtained  possess  a fibrous 
structure,  dissolve  in  dilute  aqueous  sodium  hydroxide  solution, 
are  relatively  resistant  to  acid  hydrolysis,  are  stable  in  air  and 
contain  only  traces  of  nitrogen,  in  contrast  to  dicarboxy- and 
monocarboxycelluloses.  This  type  of  oxidized  cellulose  we  haye 
called  tricarboxycellulose.  The  latter  possesses  high  and  selective 
ion  exchange  properties,  allowing  cations,  among  them  proteins 
to  be  separated.  The  new  type  of  oxidized  fibrous  cellulose  per- 
mits a new  direction  to  be  developed  in  paper  chromatography. 
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MEXAHO-XHMHHECKHE  nPEBPAlHEHHH 
H BJIOK-COnOJIHMEPH3ABtHH  EPH  SAMOPAaCHBAHHIE 
PACTBOPOB  KPAXMAJIA  - 

A.  A*  B e p B,  A*  11  encna  F,  H . B o */ino  e a 

(CCCP) 


ripH  SaMOpaH^HBaHHH  (KpilOJIHSe)  H OTTaHBaHHH  (Ae(j[)pOCTaiI,HM)^ 
BOAHiiix  pacTBOpOB  HJiH  coAep>Kaii],HX  BJiary  BticoKonojiHMepOB 
paaBHBaiOTCfl  BHCOKne  AaBJieHHH,  oSycjioBJiHBaiomHe  HaMeneHHe^ 
KOH^Hrypar^HH  nojiHMepHLix  n,eneH  h ^ecTpyKn;HK)  MaKpOMOJieKyji 
[1,  2].  B CBH3H  c axHM  B npoi3,ecce  aaMopaJKHBaHHH h OTTanBannH 
BoaMOHCHa  KaK  MexaHHTOCKaa  aKTHBaii;HH  MaKpoMOJieKyji,  xaK  h- 
o6pa30BaHHe  MaKpopaflHKajioB  hjih  nojiHMepHHX  hohob  [3,  4]. 
HccjieAOBaHHe  xhmotgckhx  npeBpain;eHHH  nojinnepoB,  o6ycjioB“ 
jieHHLix  j^aBJieHHeM  ^asoBoro  nepexofla  cpe^Bi  h BHyxpeHHHM  na— 
npHH^GHHeM  Ha6yxaHHH,  aojijkho  npojiHTb  CBex  na  MHorne  npo6“ 
jieMH  6hoxhmhh,  GnojiorHH,  MeAHAHHti,  xhmhh  h xexHOJiornH’^ 
nnmeBHX  npoAyKxoB. 

^aHHan  paSoxa  nocBHiAeHa  HCCJieAOBaHHio  xhmh^gckhx  npe- 
BpameHHH  KpaxMaJia  npn  3aMopa?KHBaHHH,  oxxaHBaHHH  h nocjie- 
AyiomeM  HarpeBaHHH  ero  pacxBopoB. 

OAHr)KpaxHoe  h MHoroKpaxHoe  3aMOpa>KHBaHHe  boahbix  pac- 
XBopoB  H yBJia>KHeHHoro  KpaxMajia  npoBOAHJiH  b axMoc^epe  bo3- 
Ayxa  H aproHa  npn  xennepaxypax  —4,  —11,  —78  h —196®.. 

B XOM  cjiynae,  KorAa  oxjiaH^ACHHe  conpoBOWAaJiocb  noHBJieHneM^ 
KpHCxajiJiOB  JibAa,  6ojibniaH  ^acxb  KpaxMajia  BiinaAaJia  b bhag* 
6ejioro  ocaAKa,  HepacxBopnMoro  b xojioahoh  boag.  PaccMCXpeHne- 
xaKHX  ocaAKOB  rroA  MHKpocKonoM  noKaaaJio,  ^xo  b cjiy^ae  aaMopa- 
JKHBaHHH  npH  t — 20®  OHH  COCXOHX.  II3  IIJiaCXHH,  Ha  KOXOpHX 
BHAHbi  xpeiAHHbi  H oxnenaxKH  rpanen  KpncxajiJiOB  jibAa  (pnc.  1). 
B cjiynae  nepeoxjian^AGHHH  pacxBOpoB  o6pa30BaHHH  ocbakob  hg 
Ha6jiK)AaJiocb, 

B H^HAKyK)  nacxb  oxxaHBinero  pacxBopa  hgpgxoaht  xgm  oojibniG 
KpaxMajia,  hgm  BHme  -xeMnepaxypa  3aMopa>KHBaHHH.  TaK,  npii 
xGMnepaxype  — 11  h —21*  o6pa3yexcfl  8—10%  (ox  BGca  KpaxMajia)) 

334 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


jier-KO  pacTBopnMHX  (j)paKmHii,  b to  BpeMH  Kan  npu  — 78  h — 196* 
Bi’pacTBop  nepexoAHT  ne  6oJiee  4—4,5%. 

' JlaHHiie  xpoMaTorpa(|)HHecKoro  anajinaa,  BticoKne  SHa^eHHH 

mgahhx  TOceji  (40—80  Majiaa  Bejinrana  yiy^Jc  (0,05—0,09), 

a TaKJKe  xapaKTepnoe  AeKCTpnHOB  OTcyTCTBHe  b bhahmoh 
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Phc*  1.  MHKpo$OTorpa$Hfl  ocaAKa  KpaxMaJia, 
KpHOJIH30BaHHOrO  BpH  — 21°. 


oSjiacTH  cneKTpa  MaKCHMyna  norjioiii,eHHH  hoahofo  KOMnjieKca 
nepemeAniHX  b pacxBop  $paKi];HH  ^aiOT  bobmohchoctb  yTBepjKAaib, 

^TO  3TH  $paKn;HH  COCTOHT  H3  AeKCTpHHOnOfloGHHX  npOflyKTOB 
KpHOJiHTHHecKOH  A^CTpyKi^HH  KpaxMajia. 

BHnaAaiomnH  npn  aaMopaH^HBaHHH  bojiokhhcthh  npo^yKT 
xapaKTepnayexcH  6ojiee  bmcokoh,  b hcxoahom  KpaxMajie, 

acHMMeTpneH  MaKpoMOJiGKyji  (22  bmgcto  15),  6ojii>niHM  sHaneHneM 

npHSeAGHHOH  Bfl3KOCTH,  6oJII>meH  ynOpHAO^GHHOCTblO  CTpyKTypbl, 
o6HapyH<HBaeMOH  peHTreHorpaMMaMH,  6ojibinHM  3HaHeHHeM  mga- 
HMx  TOceji  (23—28  BMecTo  14  Me/e)  h CABHroM  b CTopony  Kopoj- 
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KMX  AJiHH  BOJiH  MaKCHMyMa  norjioin;eHHH.  HOfljHoro  KOMnjieKca 
B BHAHMoS  o6jiacTH  cneKTpa  (oT  X ==  580'  [x  ao  X = 560  (x).  9th 
AaHHHe  yKaBLiBaioT,  hto  ocHOBHaa  qacTb  KpHOJinaaTa,  npeACxaB- 
Afliomaa  coSoH*  nepacTBopHMHH  b xojioahoh  boab  bojiokhhcthh 
ocaAOK,  eocTOHT.H3  aacTHaHo  AGCTpyKTHpoBaHHHX  6ojiee  pacnpaM- 
jiGHHHX  M njioTHO  ynaKOBaHHHx  MaKpoMOJieKyji  KpaxMajia. 


flpodo/iHiume/ibHocmb  mzpeQanuH.MUH 
Piic.  2.  MsMeneHne  bhskocth  h BOccTaHOBHxejttHOH  cno'  . 

Co6hOCTH  [ B GAHHHAaX  MGAHOrO  HHCJia  (uBje)]  paCTBO- 
pHMMx  B BOAe  ^paKAHH  KpHOJiH3aTa,noJiyHeHHoro  npH— 21° 

npH  narpGBaHHH  (70°  i 0,05°) 

2— '/jyjj/c  KpHOJiHsoBaHHoro  KpaxMajia;  2— ero  McflHoe  hhcjio; 

3~-71yjj/C  paCTBOpHMHX  $paKipiii,  BKCXparHppBaHHhlX  H8  KOHTpOJTb- 
HoroKpaxMajia;  MCHHoeMHCJio  KOHTpojibHoro  KpaxMajia. 

IIo-BHAHMOMy,  AaBjiGHHe  (|)a30Boro  nepexoAa  boah  oOycjioBJiHBaex 
HSMeneHMe  KOH$Hrypan;HH  nojiMMepatix  Aenen,  a nepeAaioiAHe  axo 
AaBJieHHe  ocxpHe  rpaan  KpncTajiJiOB  jiba^  MexaHnaecKH  A^CTpyK- 
THpyiOT  MaKpoMOJieKyjiH. 

" ^jiH  BHacHeHHH  BepoHTHoro  MexaHH3Ma  paapHBa  XHMHaecKHx 
CBH3eH  H CpaBHeHHH  HpOAyKTOB  KpHOJIMTHHeCKOH  H MexaHHaeCKOH 
AecTpyKAHH  6mjih  onpeAeJieHH  cneKxpM  ajieKxpoHHoro  napaiviar- 
HHTHoro  peaoHaHca  (9nP)  oxjiajKAaeMoro  KpaxMajia,  paaMOJioxoro 
B aKCAeHxpHKOBOH  MejibHHn;e,  h KpaxMajia,  KpHOJiH30BaHHoro 
npn  — il®,'C  nocjieAyioni;HM  BHCyrnHBaHHeM  b BaKyyMe  npn  — 7*, 
YcxaHOBjieHo,  axo  b HCCJieAyeMtix  npenapaxax  coAepacaxca  paAH- 
KajiH,  npnaeM  KOHAeaxpaniHa  napaMarHHXHHX  aacxHn;  b npoAyK- 
xax  MexaHHaecKoro  noMOJia  cocxaBjiaex  10^"^  napaMarHHXHHX  aa^ 
cxHA/a  c g-$aKxopoM  CBo6oAHoro  ajieKxpona,  CnrHaji  9nP  yMenb- 
maexcH  h a^hcb  nojiHocxBio  H.CHeaaex  npn  noBHmeHHH  xeMnepaxypBi 
yBAajKHeHHoro  npoAyKxa  AecxpyKAHH  ao  20®.  IIo-BHAHMOMy,  b axHx 
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yCJlOBHHX  B03M0>KHa  peKOiAlGlIHai^HH  MaKpOpaAHKajIOB,  KOTOpan 
MomeT  npHBecTH  k 66pa30BaHHio  npoAyKTa,.coAepH{aiii;ero,  ^HapiiAy 
c rjiK)K03HAHtiMH,  MajioycTOHTOBiie  nepeKHCHBie  cbh3h.  HajiH^He 
xaKHX  CBHseii  b npoAyKxax  KpHOJiHXHHecKOH  hjih  MexaHnnecKoii 
AecxpyKAHH  npaxMajia  o6ycjioBJiHBaeT  hx  BHCOKyio  peaKAHOHHyio 
cnoco6HocTb.  Tan,  narpeBaHiie  pacxBopHMoii  b xojioahoii  boab 
HaCTH  KpHOJIHSHTa  BHa^aJIB  npHBOAHT  K yMeHBnieHHK)  MGAHLIX  II 
HOAHLIX  HHCeJI  H nOBH- 
meHHio  IIpH  a^jib- 

iieHmeM  HarpesaHHii 
bhobb  noBtimaioxcfl  boc- 
CXaHOBHTejIBHHe  cbohct- 
Ba  H ycHJiHBaeTCH  agct- 
pyKAHH  (cp.  KpHBHe  i, 

2y  3j  pHC.  2).  AHajiorn^- 
Ho,  HO  Menee  pesKo  bgabt 
cgSh  b ycjioBiiHx  xpane- 

IIHH  npH  —20°  HJIH 

KpaxKOBpeMeHHoro  na- 

rpeBaHHH  ' iipn  37—70° 

BOJIOKHHCTBIH  OCBAOK, 
o6pa3yioni;HHCH  npH  Kpn- 
ojiH3e  KpaxMajia. 

HarpesaHHe  pacxBo- 
poB  KpaxMajia,  KpnojiH- 
30BaHHoro  B axMoc^epe 
iiHepxHoro  'rasa,  xaKJKe 
UpHBOAHT  K HOBHineHHK) 

MGAHLIX  HHCeJI  H nOHH- 

HceHHK)  'qyji/c  6q3  nocjieAyioni;ero  napacxaHHH  peAyAHpyioiAeii 
cnoco6HocTH  (cm.  pnc.  3).  AnajiorHHHo  BeAyx  ceSn  npoAyKTLi 
AecxpyKAHH,  HOJiyneHHHe  npn  noMOJie  KpaxMajia  b axMoctbepe 
aproHa  (cm.  pnc.  4,  a, 6)  • 

BecBMa  cyia;eCTBeHHo,  hto  npn  HarpesaHHH  h xpaneHiiH  Kpax- 
Majia, KpHOJiHSOBaHHoro  b npHcyxcTBHH  aKAenxopoB  paAHKajioB 
(6poMyKcycHaH  KHCJioxa,  thapoxhhoh),  hg  naSjiioAaGTCH  hsmghghhh 
B CHGKXpaX  nOrJIOmGHHH  HOAHOrO  KOMHJIGKCa,  Bfl3KOCXH  H pGAyAH- 
pyioiAHx  CBOHCTB.  9to  yKasHBaGT  Ha  paAHKajiBHBiH  xapaKTGp  npG- 
. BpaiAGHHH  KpaxMajia,  AecxpyKTHpoBaHHoro  kphojihthhgckhm  hjih 

MGXaHHHGCKHM  CHOCoGaMH.  IIo-BHAHMOMy,  B 3THX  yCJIOBHHX  HpOXG- 

Kaex  pacnaA  MaKpoMOJiGKyji  KpHOJinaoBaHHoro  HjiH  .MGxaHHHGCKH 
AGCxpyKxiipoBaHHoro  KpaxMa^a  no  0— tO-cbhshm.  06pa3yiomH6CH 
npH  XGpMopacnaAG  paAHKajiLi  oOycjioBjiHBaiox  HaOjuoAaBiuHGCH 
npGBpani;6HHH. 

IIpGACTaBJIGHHG  0 paAHKaJIBHOM  MGXaHH3MG  XHMHHGCKHX  HpG- 
BpameHHH  npoAyKTOB  3aMopa>KHBaHHH  KpaxMajia  noAXBGpn^AaGx- 
22  3ai;a3  414  . . ' 
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UpodomumjibHocm  nazpeeahUH^Mim 


Pile.  3.  MsMeiieHHe  MeAHoro  Bucjia  pacxBo- 
PHMHX  B BOAe  (j[)paKAHH  KpaxMaJia,  aaMopo* 
JKeHHoro  npn^\’ — 21°  b aTMOCi|)epe  apron  a 
H B03Ayxa,  Bo  ^ispeMH  HarpeBannH  (^=4-70°  -4- 
±0,05°) 

1 — KpaxMaji,  aaMopoweHHBifi  b axMOC^epe  aprona, 
2 — TO  ate,  B axMoc^epe  Boajryxa. 
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.440  480  520  560  600  620'  640A,/iyW 


PlIC.  4.  KpHBBie  pnTH'ieCKOH  D^OTHOCTH  HQAHBIX  KOMnJieKCOB 
a)  KpHo:iH30BaHHorp  KpaxMa^a 
i—  KpaxMaji  noc^e  saMopawHEaHWH  npn  —4®,  2 — tot  me  KpaxMan,  npor 
rpeTbiii'3  mhh.  npn  f = -jr  70°  ± 0,05®; 

6)  KpaxMaJia,  H3MejiBHeHHoro  na  ' aKci^eHTpiiKOBOH  MCJiBimi^e 
1 — KpaxMaa  ho  noMona,  2 — cpasy  nocjie  noMOJia  f b Teqekne  4*x  mhh.,  3 — 
OH  me,  nocjie  HarpeBamiH  b Teaenne  3-x  mhh.  npn  t — + 70°  ± 0,05°. 
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Phc.  5.  HaMeneHiie  BoccTaHOBHTeJiBHoS  cnoco6HOCTi: 
KpaxMajia  npn  AODaBJiemiH  pacTBopHMOH  ^paKUiHH  Kpno- 
JiHSOBaHHoro  KpaxMajia  npn  37°  G 

1 — asMeHeHHe  Me^Horo  HiicJia  cMecH  He  aaMopowenHoro  n saMO- 
pomeHHoro  npaxiviajia,  2 — to  me.  c AoCaBKOi^  GpoMyKcycHott 
KHCJIOTH  ( 1 0-»  MOAb/AUmp) . 


Phc.  6.  H3M6hghiig  cncHTpoB  norjioiUGHHH  ho/thtjy  kgm- 
njiGKCOB  KpaxMajia  npn  ^oSasKe  pacTBopHMOH  $paKi^HM 
KpHOJiHsaxa  {t  ~ 37°) 


1 CMecb  HO  HarpeBaHHH;  2,  3,  4 — to  me,  nocjie  Harpeea- 
HiiH  B TeneHne  20,  40,  60  mmh.,  cooTBCTCTBeKHO;  5 — pacTBO- 
piiMaa  qacTb  KpiiojmaaTa,  HOOaBjiHBnraHCH  k hcxchhomy  npaxMajiy. 
no  ocH  aOcHHcc  — HJiHHa  bojihm  X,  MU.  no  ocii  opnimaT—on- 
THBecKaa  njiOTiiocTb  D. 

22* 
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CH  AaHHMMH,  yKa3UBaK)iAHMii  Ha  HX  chocoShoctb  HHHAHHpOBaTb 

AecTpyKH,HK)  KpaxMana  (cm.  piic.  5 h 6),  HcejiaTiiHLi,  iiojihbhhh- 
jioBoro  CHHpxa  h paAa  Apyrnx  noJiHMepoB.  3a  bto  me  roBopHT  tot 
(|)aKT,  HTO.  npn  Ao6aBKe  aKii;enTopoB  paAHKaJiOB  k KpnojiHBaTy 
nocjieAHHH  TepaeT  axy  cnoco6HocTB  (pHC.  5,  KpnBaa  2), 

IIpH  coBMecTHOM  3aMopa>KHBaHHH  AByx  HOJiHMepoB  BepoaTHO 
HoaBJieHHe  paajiHHHbix  MaKpopaAHKajiOB,  BsanMOABHCTBne  KOTopLix 
MO>KeT  npHBeCTH  K oSpaSOBaHHK)  JIHHeHHLIX  H paSBeTBJieHHHX  DJIOK- 
conojiiiMepoB  H npHBiiTHX  conojiHMepoB.  fl,eHCTBHTejii>HO,  saMopa- 
>KHBaHHeM  npH  78°  b axMOC^epe  aprona  hjih  B03Ayxa  Aocxa- 
TOHHO  KOHAeHTpHpOBaHHLIX  3MyaibCHH,  COCTOaiAHX  H3  BOAHOTO 

pacTBopa  KpaxMajia  h KOHAeHTpHpoBaHHoro  pacTBopa  hojihcth- 
pojia  B 6eH30Jie,  Suan  noayaeHti  npoAYKTLi^  6aoK-conoaHMepH3aAHii 
KpaxMaaa  H noancTHpoaa.  HaH6oabinee  KoanaecTBO  XHMaaecKH 
CBaaaHHoro  KpaxMaaa  o6Hapy>KeHO  b o6pa3ii;ax,'  noayaenHbix 
B aTMOc^epe  BOSAyxa.  KpiioaHTHaecKHe  SaoK-conoaHMepti  Kpax- 
Majia H noancTHpoaa  oSaaAaiOT  bhcokoh  sMyaBrnpyioiAeH  cnocoD- 

HOCTBK)  H 9THM  HanoMHHaiOT  HpiiBiiTBie  coHoaiiMepBi,  HoayaeH- 
HBie  npH  B3aHMOABHBTBHH  o30HHpOBaHHoro  KpaxMaaa  H nOaHCTlI- 
poaa.  • ‘ 

Ha6aK)AaBiiiHeca  naMU  na  npHMCpe  KpaxMaaa  «KpHOXHMiiae- 

CKHe»  npeBpamemia^  npHcyni.H  ne  ToaBKO  3TOMy  noaHcaxapiiAy. 
TaKHe  Han  aHaaorHHHBie  npoAeccBi,  no~BHAHMOMy,  npoTCKaroT  npii 
aaMopaJKHBaHHH  h oTTanBaHHH  ^epMeHTOB  [1,5],  6eaKOB  [6],  jkh- 
BOTHBIX  H pa'cTHTeaBHBIX  TKaHCH  [7—10]. 
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Summary 

During  the  freezing  (cryolysis)  of  aqueous  solutions  or  suspen- 
sions of  high  molecular  compounds  degradation  of  the  macromo- 
lecules is  observed  due  to  the  pressures  obtaining  in  the  .phase 
transition  and  in  the  growth  of  ice  crystals. 

As  a result  of  the  cryolysis  active  degradation  products  are 
formed,  prone  to  further  chemical  conversion. 

Products  of  the  cryloytic  degradation  of  starch  formed  during 
single  and  repeated  freezing  of  its  solutions  (from  t =—4°  to 
—195®  C).  with  subsequent  thawing  (to  — 3 — — ^ C)  are  characte- 
rized by  enhanced  reducing  properties,  increased  iodine  numbers, 
decreased  hsp  values,  the  appearance  of.  a water  soluble  fraction, 
a shift  in  maximum  absorption  of  the  iodine  complex  to  the 
shorter  wave  lengths  (from  — 580—600  mp.  to  540—560  mp) 
and  a twofold  increase  in  hydrolysis  rate  under  the  action  of 
mineral  acids.  This  is  explained  by  degradation  of  the  macromole- 
cules and  decrease  in  degree  of  polydispersity  during  the  repeated 
freezing  and  thawing  of  the  solutions  or  of  the  moist  starch. 

Prolonged  storage  of  the  thawed  starch  specimens  in  argon 
and  in  air  at  t = +20®  C.,  as  well  as  short  heat  treatment  at 
t = +37—75®  (5—30  min  respectively)  leads  to  decrease,  ip 

the  reducing  capacity,  increase  in  hsp  and  to  a shift  in  the  absorp- 
tion maximum  of  the  starch-iodine  complex  in  the  longer  wave 
length  direction.  On  adding  free  radical  acceptors  to  the  starch 
solution  no  changes  in  the  characteristics  have  been  observed.  This 
gives  grounds  to  the  assumption  that  the  relations  are  due  to 
chemical  conversions  of  macroradicals. 

Heating  the  cryolytic  degradation  products  for  longer  periods 
in  air  causes  intensification  of  the  hydrolysis.  Such  hydrolysis 
does  not  take  place  in  an  atmosphere  of  the  inert  gas.  Heating 
under  these  conditions  solutions  of  starch  that  had  not  been 
subjected  to  freezing  does  not  cause  any  changes  in  the. 
product.  . 

The  increased  reactivity  of  starch  cryolysis  products  in  air 
is  evidently  the  result  of  the  formation  of  labile  peroxides  in 
the  starch  macromolecule. 

The  degradation  of  the  initial  soluble  starch  by  dilute  (0.15 — , 
0.25%)  solutions  of  its  cryolysate  has  been  experimentally  estab- 
lished. 

In  order  to  elucidate  the  effect  of  mechanical  rupture  of  the 
chains  on  enzymatic  activity  experiments  were  carried  out  on. 
determination  of  the  activity  of  the  cryolytic  degradation  products, 
of  amylase  and  pepsin.  It  has  been  found  that  under  suitable  con- 
ditions of  freezing  and  thawing  sharp  changes  in  the  enzymatic 
activity  during  storage  are  brought  about. 
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In  contrast  with  the  enzymes  not  subjected  to  this  action  the 
activity  of  the  cryolysed  enzymes  increases  and  in  a number  of 
cases  exceeds  that  of  the  original  preparations. 

The  radical  concept  of  degradation  of  starch  and  other  poly- 
mers gave  grounds  for  carrying  out  the  block  copolymerizatioii 
of  mixtures  of  polymers  in  solutions  or  in  the  presence  of  iiioistui^e 
by  the  method  of  repeated  freezing  and  thawing  in  ah  inert  gas 
atmosphere.  The  formation  of  block  copolymers  has  been  demon- 
strated oh  the  example  of  the  freezing  of  fihely  dispersed  polysty- 
rene emulsions  as  well  as  the  styrene  monomer  in  starch  solution 
with  varying  ratidhs  of  the  components. 

A study  of  the  resultant  products  showed  that  tinder  the 
chosen  conditions  block  copdlyhiers  of  ndh-polar  polystyrene 
blocks  and  polar  starch  blocks  are  formed. 


Resume 

Lors  de  la  congelatioh  (cryolyse)  des  solutions  aqlieuses.  ou 
suspensions  des  composes  a haut  poids  moleculaire  oh  observe 
la  destruction  des  macromblecules  caiisee  par  la  pression  qui  se 
^developpe  a la  transition  de  phase  et  a la  croissance  des  cristaux 
de  glace. 

Par  suite  de  cryolyse  se  forment  les  produits  actifs  de  desctriic- 
tioh  qui  dht  tendance  aiix  transformations  ulterieures  chimiques. 

Les  produits  de  destruction  cryolytique  d’amidon  obtehiis 
aux  cryolyses  unique  et  multiple  de  ses  solutions  de  t°= — 4°G  a 
t®  C avec  la  degelation  ulterielire  a t ==+3-h  — 4°C, 

sont  caracterises.  par  la  croissance  de  capacite  de  reduction,  des 
hdnibres  iodiques,  par  Te  decroissement  de  specif,  selon  les 
phenomenes  de  fractioh  soluble  dans  I’eaua  +20°  par  le  decalage 
de  maximum  d’ahsorption  du  complexe  iodique  dans  la  region 
des  longueurs  d’ondes  plus  courtes  (X  est  de  580—600  m[J-  a 
540— 560  in  fx)  etdela  vitesse  d ’hydrolyse  dous  Paction  des  acides 
ihineraux  de  deux  fois  superieure.  Ce  fait  est  explique  par  la 
destruction  des  macromolecules  et  par  la  diminution  de  la  poly- 
dispersite  a la  congelation  et  degelation  multiple  des  solutions 
du  de  Pamidori  humecte.  ^ ^ 

Dans  le  cas  dustockage  prolonge  des  solutions  d’amidon  dege- 
lees  eh  argdn  et  en  air  a +20°  C aiissi  que  le  cas  du  chauffage  de 
cdurte  duree  a .t°  = +37—75°  5 — 30  minutes  apres  oh  observe 
respectiVemeht  la  diminutioh  de  la  capacite  de  reduction,  Pang- 
mentation  de  tj  specif,  et  le  decalage  du  maximum  d’absdrption 
du  complexe  iodique  d’amidon  dans  la  region  des  ondes  plus 
longues  si  Pon  introdiiit  dans  la  solution  d’ amid  oh  les  accepteurs 
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es  radicaux  libres  on  n’observe  pas  de  variations  dt;  caracte- 
ristiques  donnees  ce  qui  laisse  considerer  ces  regularites  comme 
les  processus  conditionnes  par  les  transformations  chimiques  des 
macroradicaux. 

Un  chauffage  plus  long  du  produit  de  destruction  cryolytique 
d'amidon  en  millieu  d’air  cause  le  deroulement  accelere  du 
processus  hydrolitique.  Une  semble  decomposition  liydrolytique 
ne  se  produit  pas  pendant  la  cryolyse  d’amidon  en  milieu  de  gaz 
inerte.  Le  chauffage  dans  les  memes  conditions  des  solutions  de 
1 amidon  qui  n etait  pas  soumis  a la  congelation  ne  mene  pas 
aux  changements  quelconques  du  produit. 

Lareactivite  elevee  des  produits  de  cryolyse  d 'amidon  en  Tair 
serait  la  consequence  de  la  formation  des  peroxydes  instables 
dans  la  macromolecule  d 'amidon. 

On  a etabli  experimentalement  le  phenomene  de  destruction 
de  1 amidon  initial  soluble  sous  1’ action  des  solutions  diluees 
(0,15 — 0,25%)  de  son  cryolysate. 

Pour  comprendre  I 'influence  de  rupture  mecanique  des  chai- 
nes  sur  I’actiyite  fermentative  on  executait  des  experiences  con- 
cernant  la  definission  de  I’activite  des  produits  de  destruction 
cristalline  de  Tamylase  et  de.la  pepsine.  On  a etabli  que  pour 
les  regimes  correspondants  de  congelation  et  de  degelation  on 
observe  des  changements  brusques  de  I’activite  des  ferments  pen- 
dant la  conservation. 

Contrairement  an  ferments  qui  n ’ etaient  pas  soumis  a I'action  de 
cryolys  I’activite  des  ferments  cryolysiques  s'accroit  et  dans 
certainse  cas  depasse  I'activite  des  produits,  initiaux. 

La  representation  sur  le  mecansime  de  la  nature  radicalique 
de  destruction  de  1 'amidon  et  d’autres  polymeres  a donne  la 
raison  pour  I’execution  de  la  copolymerisation  en  bloc  des  melan- 
ges des^  substances  pblymeriques  dans  les  solutions  ou  en  pre- 
sence d’humidite  par  la  metbode  de  congelation  multiple  et  de 
degelation  rapide  au  sein  du  gaz  inerte.  A I'aide  des  exemples 
de  congelation  d' emulsion  fine  du  polystyrolene  ainsi  que  de 
monomere  dupolystyrolene  dans  la  solution  d’amidon  on  a montre 
la  formation  des  copolymeres  en  bloc  a rapport  different  des 
constituants  initiaux. 

L’etude  des  produits  obteniis  a montre  que  dans  les  conditions 
acceptees  de  I’experience  se  forment  les  copolymeres  en  bloc  qui 
sont  composfe  des  blocs  non-polaires  du  polystyrolene  et  des 
blocs  polaires  d 'amidon. 
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CBOKCTB  Ii;EJIJIK)JI03bI 
nyXEM  nPHBHBKH 

X.  y.  y c M an  0 6,  B.  M.  Aitoo  o d 9IC  a e e,  y . A 3ti  30  a 

(CCCP) 


3a  nocjie^Hee  BpeMH  cpe^H  mbtoaob  CHHxeaa  hobhx  bhaob  hojih- 
MepHBix  MaxepnajiOB,  a xaK>Ke  MOAH(|)HKaij;HH  cbohcxb  npiipoAHtix 
II  CHHxexHHecKHX  nojiHMepoB  OAHMM  H3  6oJiee  ■ pacnpocxpanemiLix 
MexoAOB  cxaHOBHXCfl  npHBHxan  conojiHMepH3au;HH.  Oco6lih  linxe- 
pec  npHBJieKaiox  KOM6HHai];HH  MaKpoMOJieKyji  npiipoAHoro  h cnuxe*: 
xii^ecKoro  npoHCxojKAGHHH,  xaK  KaK  npaBHxtie  conojiiiMepLi,  Kan 
npaBHJio,  conexaiox  CBoncxBa  oxabjibhlix  KOMnoHenxoB  ll,  2]. 
TpyAHHM  MOMeHXOM  B npOBeABHIIH  npHBHXOH  COnOJIHMepHSaAHII. 
II,eJIJIK)JI03H  C.  ApyrHMH  MOHOMepaMH  HBJIfleXCH  HHepXHOCXL  AenHBIX 
MOJIGKyJI  U;eJIJII0JI03BI  H XpyAHOCXB  HHPIAHIipOBaHHfl. 

B HacxoHin,ee  BpeMH  nsBecxen  pHA  cnocoSoB  HHHAHHpoBaioiH 
hcxoahbix  n,enHBix  MOJienyji  XHMUHecKHM  nyxeM-  H hx  aKXHBaATni 
4)n3HHeCKHMH  MexoAaMH. 

^jiH  nojiyneHHH  npHBHXBix  conojiHMepoB  HHHii,HMpoBaHiie 
AejijilOAOSBi  HaMH  ocyiAecxBJiflJiocB  abohko:  xHMHnecKHM  'MexoAOM 
[1]  H nyxeM  B03AeHCXBHH  na  i];ejiJiioji03y  y-JiynaMH  Co®®  [3],  B Ka- 
necxBe  o6BeKxoB  a^ih  npHBHBKH  SBiJia  BBiSpana  AeJiJiiojioaa,  nojiy- 
HGHHaH  H3  xjionKOBoro  BOJiOKHa  copxa.  108  O,  a xannce  KopAHBie 
HHXH  H3  BHCK03H  H XJIOnKOBOrO  BOJiOKHa.  BxopHM  KOMHOHeHXO.lH 
npHBHBKH  cjiyHCHJiH  aKpHJiOHHxpHJi,  cxHpoji,  iviexHJiMexaKpiiJiax, 
MexHJiBHHHjinHpHAHH  HjiH  BHHHJiai];exax. 

;II,JIH  yXOHHGHHH  (|)aKXa  oSpaSOBaHHH  npHBHXHX  COnOJIHMepOB, 
a He  npocxBix  nponsBOAHHX  n;ejiJiH)Ji03Bi,  6biji  pa3pa6oxaH  mgxoa 
onpeAeJieHHH  cxenenn  noJiHMepH3au;HH  npiiBHXHX  ynacxKOB,  co- 
CXOHIAHX  H3  Bxoporo  MOHOMepa.  fljIH  3TOH  r^eJIH  npHBHXBie  cono- 
jiHMepH,  oHHH^eHHBie  ox  roMOHOJiHMepoB,  iioABeprajiH  rnApo-anay 
B pacxBope  KHCJioxBi  c KOHii;eHTpaii;HeH  72 [4].  Ilpn  3X0m  nponc- 
xoAHJi  noJiHBiH  THApoJiHS  ii;ejiJiiojio3HHx  ynacxKOB  conoJinMepa  h 
nepexoA  hx  b pacxBop,  a b ocaAKe  ocxaBajincB  BexoHKH  npHBHXoro 
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noJiHMepa  (nanpHMep,  nojinaKpHJiOHHTpHJia),  hto  noffTBepjKAaeTCfl 
peayjiLTaxaMH  anajiHsa.  ^ajiee,  ocaAOK  roMonojiHMepa  pacTBopnjiH 
B cooTseTCTByiomeM  pacTBopHTGJie  H CTeneHB  ero  nojiHMepH3ai],Hii 
onpeAejiHJiH  BHCKosoMexpuHecKH. 

IIpeABapHTejibHHe  HCCJieAOBaHHH  noKasajiH,  hto  npn  TaKoii 
o6pa6ojKe  cepnon  khcjiotoh  ne  npoHcxoAHx  HSMeHeHMH  bh3kocxh 
pacxBopoB  HHCXHX  roMonoJiHMepoB,  HanpHMep  nojinaKpHjiOHHx- 
pHJia,  nojiHCxnpoJia.  ; 

Onpe^eJiGHHe  coflep>KaHHfl  aaoxa  b npHBHXLix  conoJiHMepax 
Ij;eJIJIK)JI03LI  C aKpHJIOHHXpHJIOM  npOBOAHJIH  MeXOAOM  KbeJILAaJIH. 

Bna^ajie  HHHAHHpoBaHne  i];ejiJiK)Ji03H  ajih  nojiy^ennH  npHBHXHx 
conojiHMepoB  npoBOAHJiH  nyxeM  nojiyneHHH  ee  nojinnepeKHCHLix 
COeAHHeHHH  [1], 

Panee  6lijio  noKasano  [1],  ^xo  npn  oaoHHpoBaHHH.  na  oxAejib- 
HJEJX  ynacxKax  MOJieKyji  ii;ejiJiK)jio3H  o6pa3yH)xcH  nepenncHHe 
rpynnH,  ycxoHTOBHe  npa  yMepeHHux  xeivinepaxypax.  XlepeKHCHue 
rpynnBi  npn  noBHineHiiH  xeMnepaxypu  pasjiaraioxcH  h na  ii;eno^Kax 
u,ejijiK)Ji03iJ[  o6pa3yK)xcH  MaKpopaAHKajiH,  cnoco6Hi)ie  BsaHMOAeii- 
cxBOBaxB,  HanpHMep  c MOHOMepaMH,  h npHBecxn  k o6pa30BaHHio 
npHBHXHX  COnOJIHMepOB  AeJIJIlOJIOSH. 

Ohhxh  no  noJiyneHHK)  npnBHxux  conojiHMepos  npoBOAHJin  cjie- 
AyiomiiM  o6pa30M:  cnapenHHe  aMnyjiH,  coAepH<ani,He  o6pa3n;H  030- 
nnpoBaHHOH  n;eJiJiK)Ji03H  h MOHOMep,oxKanHBajiH  npn  3aMopa>KHBa- 
Him  AO  BMCOKoro  BaKyyMa  (10”^  mm). 

Hocjie  nojiHoro  oxKaHHBaniiH  ao  bmcokoxo  BanyyMa  aMnyjihi 
oxnaHBajiH  ox  BaKyyMHOH  ycxanoBKH  h MOHOMep  nepeBOAHJiH  koh- 
AenciipoBaHiieM  b cocgahioio  aMnyjiy,  xAe  naxoAHJiacb  n;eJiJiK)Ji03a. 
nojiHMepH3aii.HK)  MOHOMepoB  c ii;ejijiiojio30H  npoBOAHJiH  npn  100° 
b xenenne  120  mhh. 

yAajieHHH  roMonojiHMepa  Bsaxoro  MonoMepa  npHBHxne 
o6pa3ABi  ii;ejiJiK)ji03Bi  BKCxparnpoBajiH  ao  nbcxoHHHoro  Beca  pacxBo- 
pHxeJieM,  noAXOAHiAHM  a^'ih  a^hhoxo  roMonojiHMepa,  h cymnjiH. 

^ajiee  6bijih  HsyneHBi  CBOHcxBa  bxoh  MOAH(J)Hi^HpoBaHHOH  meji- 
jiK)ji03Bi.  CjieAyex  oxmoxhxb,  hxo  ona  ne  pacxBopfljiacB  b MeAsoaM- 
MHannoM  pacxBope. 

HeKoxopHe  h3  nojiyHenHBix  AaHHHx  npHBeAenBi  b xa6ji.  1. 

Ohbixbi  noKasaAn,  nxo  nponnocxB  aAreann  k pesniie  bhcko3- 
Horo  KopAa,  MOAH^HAHpoBannoro  cxnpojiOM,  yBejiHHHBaexca 
na  76%  no  cpaBHennio  c nponnocxBio,  naOjiioAaeM.OH  npn  ynox- 
peOjieHHH  HCxoAHoro  KopAa,  nxo  npeAcxaBjinex  cym,ecxBeHHBiH 
HHxepec. 

HajiojKeHHBie  $aKXBi  AOKaaBisaiox  obpaaoBanne,  b onncannBix 
ycjiOBHHX,  npHBHXBix  cOnojiHMepoB  i];ejiJiipji03H;  AJinna  npnBHXHX 
ynacxKOB  cpcxaBJiflex  npnMepno  50  MonoMepHBix  SBenBes. 

J^ajiee  mbi  npHMenHJiH  mgxoa  aKXHBaAim  i];ejiJiK)Ji03Bi  y-jiynaMii 

Co'o. 
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Ta6jiHi;a  1 


Ilojiy'ieHHe  npnsnTbix  conoanMepoB  osoHupoBanHOM  xaoni^OBoii 
i](ejiaiojio3bi  c MOHORiepaMH 
BecoBoe  cooTHomeHme  MOHOwepa  k i];ejijiK)jio3e  1 : 2 


MoHOMep 

npHBec  nocjie  nojiHMe- 
pHsaanH,  % 

PaCTBOpHTeJlb 
RJIfl  rOMO- 
riojiiiMepa 

CreneKb 
nojiHMepii- 
samiH 
npn  npii- 
BHBKe 

OTMMBa- 
HHa  roMO- 
nojiHRiepa 

nocjie  OTMhi- 
BaHHH  rOMO- 
nojiHMepa 

AKpiIJIOHHTpIIJI  . . . 

25,0 

21,0 

Ahmgthji- 

50 

4)OpMaMHA 

CTHpoji  

Ao  50.0 

AO  45,0 

Benaoji 

50—70 

MeTHJIMGTaKpHJiaT  . . . 

» 20,0 

16,0 

AnxjiopaTan 

— 

MeXHjiBHHHJinHpHAliH  . . 

» 15,0* 

12,0 

Aagtoh 

— 

BHHHJiaHGtaT 

» 5,0 

4,0  , 

» 

— 

npHMGHaHHe.  G HeosoHHpOBaHHOH  i^eaaiojiGaoH  npHBiiTHe  conoan- 
Mepu  He  oGpaayiOTCH;  HaSaiOflaeTca  oSpaaoBaHHe  HeOoatmoro  KoaHnecTBa 
(j\o  5%)  roMonoaHMepdfil 


KaK  noKasHBaioT  jiHTepaxypHBie  AaHHtiej  b xaKnx  ycjiOBHHX 
npHBHTtie  nojiHMepti  nojiyB;aioT  oGjiy^enneM  jih6o  cmgch  noJiHMepa 
11  MOHOMepa  [5],  jih6o  nojinMepa  b cpe^e  KHCJiopoAa  hjih  BosAyxa 
c nocjieAyioiAeii  o6pa6oTKOH  MOHOMepaMii  [6], 

B Hamnx  onuTax  cocyALi  c o6pa3i];aMii  BOSAymno-cyxoii  Aeji- 
jiK)ji03Li  oTKaHHBajiH,  sanojiHHJiH  KHCJiopoAOM  H iioABeprajiH  o6jiy- 
^eHHK)  c AoaaMH  AoSO-lO^p,  npn  moiahocth  oG^yneHHH,  paBHOH 
250000  p/nac.  OAHaKo  peayntTaxti  HccjiGAOBamiH  noKaaajiH,  bto 
npH  3TOM  nepeKHCHHe  rpynnH  ne  oOpaayiOTCfl  li  ij;ejijiioji03a  iie 
aKTHBHpyeTCH. 

flajiee  oSjiy^eHHK)  noABeprajin  cmgch  i];ejiJii0Ji03bi  c tocthm 

aKpiIJIOHHTpHJIOM  H C GrO  paCTBOpaMH  B pa3JIHHHLIX  5KHAKOCTHX  — 
B BOAe  H B pHAe  CnHpXOB  — C KOHAGHXpaAHGH  5^  10  H 20%, 
npn  Aoaax  oOjiy^cHHH  .ox  0,5  ao  5 *10®  p.  npGABapHX6.iii»HHe 
iiccjiGAOBaHHH  noKa3ajiii,  hxo  npn  oOjiyHOHHH  n;ejijiioji03bi  c ao30h 
AO  l-10®p  HG  npoHCXOAHx  aaMGXHOH.  AecxpyKpiiH  ii  AGJijiiojioaa 
HG  xcpaex  CBOGH  npoanocxH.  B paAO  ohlixob  6lijio  b3hxo  no  4,5  r 
ij;ejiJiiojio3H  H 30  mji  pacxBopa  aKpHJiOHHxpiiJia. 

Hogjig  oOjiyaGHHH  bcg  oSpasAbi  coAopJKajiH  6ojibiiioe  KOjiime- 
cxBo  CBoSoAHoro  nojiHaKpnAoHHxpHJia,  npHHGM  ero  KOJiiiaecxBo 
yBGJiHaHBajiocB  no  MGpe  yBejinaGHiia  KOHAeHxpaAHH  hcxoahux 
pacxBopoB  ox  0,5  r b caynaG  5%-hoto  pacxBopa  ao  3,5  r A'^h 
20%-Horo  pacxBopa  aKpnjiOHnxpnjia  b boao.  B Apyrnx  pacxBopnxe- 
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jiflx  roMonojiHMGp  o6pa3yGTCH  b mghbuigm  kojihhgctbg,  ho  saBiicn- 
MOCTL  MGJKfly  ^ KOJIHHGCTBOM  CB060flH0r0  HOJIHaKpHJIOHHTpHJia  11 
KOHH;GHTpan;HGH  HCXO^HOrO  paCTBOpa  aKpiIJIOHHTpHJia  COXpaHHGTCH, 
PaSflGJIGHHG  rOMOnOJIHMGpa  H npHBHTOrO  -COnOJIHMGpa  OCymG- 
CTBJIHJIH  MHOrOKpaTHHM  OTMHBaHHGM  o6pa3I|;OB  ^I,IIMGTHJI$OpM- 
aMH;i;oM,  jj^o  noJiHoro  yflajiGHna  i OMonojiHMGpa. 

nOJiyHGHHHG  AaHHHG  HpHBGflCHH  B TBSjI.  2.  Hb  ^aHHHX  Ta6jl.  2 
BH^HO,  HTO  npHBHBKa  aKpHJIOHHTpHJia  Ha6jIIOfl;aGTCH  B TGX  CJiyBBAX, 
Kor^a  pacTBopuTGJiB  aKpHJioHHTpiijia  o6jiaji;aGT  hojihphoctbio, 
npiIHGM  npHBGC  yBGJIHHHBaGTCH  HO  MGpG  yBGJIHHGHHH  KOHH,GHTpai];Hli 
aKpHJioHHTpiiJia  B pacTBdpax.  OflinaKO  b cjiynaG  yiioTpG6jiGHHH 
HHCTOrO  aKpUJIOHHTpHJia  (6g3  paCTBOpHTGJIH)  oSpaSOBaHHG  HpUBH- 
TBIX  COnOJIHMGpOB  npOHCXO^HT  B HG3HaBHTGJIBHOH  CTGHGHH,  XOTH 
o6pa3yGTCH  SoJIBIHOG  KOJIHHGCTBO  HOJIHaKpHJIOHHTpHJia:  B CJlynaG 

Ta6 Jiima  2 


B.iiiflHiie  npupojiw  pacTBopiiTejia  aKpifjioHUTpiijia  iia  oCpaaoBaiiiie 
npiiBHTBix  noaHRiepoB  uejijiioji03bi  npii  oojiyqeHini  7-ayMaMH 
Co®^,  npii  jioae  1 • 10®  jp 


PaCTBOpHTeJIb 

aHpIIJIOHHT- 

pHJia 

BecoBoe  COOT- 
HomeHHe  mcjk- 
ny  aejijiiojio- 

30ii  II  anpH- 
aOHIlTpiIJIOM 

npHBeC, 
nocjie  OTMWBa- 

HHH  OT  rOMO- 
nojiHMepa,  % 

CoRepHia- 
Hiie  asoxa, 
% 

Cxenenb  nojiii- 
McpHaamiid, 
npiIBHTtlX  1(6- 

nOMCK  nojiH- 

aKpIIJIOHII- 

xpHJia 

KojiJiqecTBO 
oGpaaoBaBine- 
rocH  roMono- 
JlIIMCpa,  % OT 
HCXOflHOrO 
BO'jlIIBeCTBa 
aKpHJIOHll- 
Tpiijia 

H20 

3:1 

7,2 

1,90 

10 

33,0 

H20 

3:2 

11,0 

2,84  . 

10 

50,0 

H20 

3 : 4 

33,0 

8,65 

20 

59,0 

.CH30H 

3:1 

2,7 

0,70 



8,6  . 

CH30H 

3:2 

4,2 

1,10 



6,4 

GH30H 

3:4 

6,8 

1,80 

— 

18,0 

C2H50H 

3:1 

2,7 

‘ 0,72 

— ■ 

18,4 

C2H50H 

3:2 

5,5 

1,47 

5 

13,2 

G2H50H 

3:4 

■ 8,7 

2,28 

6 

22,3 

G3H70H 

3 : 1 

3,9 

1,02 

— 

37,8 

G3H70H 

3:2 

4,4 

1,17 



40,7 

G3H70H 

3:4 

5,5 

1,45 



33,6 

G4H90H 

3 : 1 

4,5 

1,18 



25,4 

G4H90H 

3:2 

5,4 

1,44 

— 

31,2 

G4H90H 

3:4 

5,5 

1,45 

— 

20^7 

CeHfi 

3 : 1 

0,0 

0,0 

06pa3.yeTCfl 

CcHe 

3:2 

0,0 

0,0 

— * 

Majioe 

GeHfi 

3:4 

0,0 

0,0 

— 

KOJIIIVieCTBO 

— 

3:  14 

8,4 

2,20 

— 

20 
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npHMeHeHHH  Senaojia  b Ka^ecTBe  pac.TBOpHxeJiH  npuBHTbie  conojin- 
MepH  He  o6pa3yioTCH,  tbk  ksk  6eH30Ji  njioxo  cMaHHBaeT  i3;ejiJiiojio3y 
H,  nO-BHAHMOMy,  He  CIIOCo6cTByeT  npOHHKHOBeHHIO  aKpHJIOHHTpHJia 
B Me>KMOJieKyjiHpHoe  npocTpancTBO  n.ejiJiioji03H. 

IIo-BH^HMOMy,  oSpasoBanne  npHBHTbix  conojiHMepoB  npOHC- 
XOAHX  B Tex  Cjiynanx,  KorAa  paCTBopnTejiB  aKpnJioHHTpHJia  xopoino 
CMa'q;HBaeT  ii;ejiJiK)Ji03y  .h  cop6HpyeTCH  eio,  cnoco6cTByH  npoHHK- 
HOBeHHH)  aKpn^oHHTpHJia  B Me>KMOJieKyjiHpHoe  npocTpancTBO 
i];eJiJii0Ji03H. 

• TaKHM  o6pa30M,  noJiyneHHHe  HaMH  AaHHtie  noKasuBaiOT,  hto 
npHBHBKa  aKpHJIOHHTpHJia  K n;eiiJiioji03e  nponcxoAHT  ne  bcjibact- 
BHe  o6pa30BaHHH  nepeKHCHBix  coeAHHeHHH  ii;ejiJiioji03Li  c hx 
HOCJieAyiomHMpaBJioHteHHeM,  a6jiaroAapH  nenocpeACTBenHOMy  Bsan- 
moabhctbhk)  aKpHJIOHHTpHJia  c HeKOTopuMH  rpynnaMH  i];ejiJiioji03BT, 
o6pa3yH)in,H]viHCH  bo  BpeMH  ee  pacnaji;a  b npoi];ecce  o6jiyHeHHH. 
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Summary 

Owing  to  a combining  of  the  original  polymer  properties, 
greatly  widening  tbe  field  of  tbeir  application,  graft  copolymers 
of  cellulose  are  of  c.onsiderable  interest.  The  graft  copolymers 
may  be  obtained  by  chemical  action  on  the  initial  polymer 
moiecuies  or  by  activation  of  the  macromolecules  with  the  aid 
of  physical  methods,  such  as  y-rays,  ultra-violet  rays,  mechani- 
cal rupture  of  the  molecular  chains,  etc. 

We  have  employed  both  chemical  methods  and  '^-radiation 
(Co®“)..  Cotton  cellulose  was  used  as  starting  material.  Acryloni- 
trile and  styrene  were  the  monomers  employed. 

Chemical  treatment  of  cellulose  was  accomplished  by  the 
action  of  ozone70xygen  mixtures  to  obtain  polyperoxide  cellulose 
compounds.  The  latter  decompose  upon  heating,  active  macro- 
radicals capable  of  reacting  with  monomers  to  produce  the  graft 
copolymers . forming  in  given  regions  of  the  cellulose  molecule. 
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The  grafting  of  the  monomers  onto  the  activated  cellulose  was 
carried  out  in  high  vacuum  at  100°  C.  In  this  way  graft  copoly- 
mers of  cotton  cellulose  with  acrylonitrile  and  viscose  cord  with 
styrene  containing  40%  (by  weight)  of  the  graftings  were 
obtained. 

A study  of  the  graft  copolymer' properties  showed  the  acrylo- 
nitrile-containing compound  to  dye- much  better  and  to  be  more 
resistant  to  microbial  action  and  sun  rays  than  the  original  ma- 
terial. After  grafting  polystyrene  to  viscose  cord  its  adhesion 
to  rubber  increased  by  75%. 

Acrylonitrile-cellulose  graft  copolymers  \yere  also  obtained 
by  irradiating  mixtures  of  cellulose  and  acrylonitrile  solutions 
in  various  solvents  over  a wide  range  of  radiation  doses  and  mo- 
nomer concentrations.  The  optimal  dose  for  synthesis  of  graft 
copolymers  was  100000  r. 

Preliminary  experiments  showed  that  separate  irradiation 
of  cellulose  with  subsequent  treatment  with  the  monomer  did 
not  lead  to  the  formation  of  graft  copolymers. 

The  formation  of  cellulose-acrylonitrile  graft  copolymers 
takes  place  only  when  the  acrylonitrile  solvent  wets  the  cellulose 
well  and  is  sorbed  by  the  latter,  thus  facilitating  the  penetra- 
tion of  the  former  into  the  intermolecular  spacing  of  the  cellu- 
lose molecules.  This  process  is  not  associated  with  forma- 
tion of  cellulose  peroxides,  but  with  another  mechanism  of  activa- 
ti  on. 

In  order  to  demonstrate  the  formation  of  graft  copolymers 
under  the  conditions  described,  and  pot  simply  of  cellulose  de- 
rivatives with  the  acrylonitrile  and  styrene  groups  uniformly 
distributed  over  the  chain  units,  we  have'cleveloped  a method  for 
determining  the  degree  of  polymerization  of  the  grafted  sections. 
This  consisted  of  hydrolysis  of  the  cellulose  graft  copolymers 
in  acid  media.  The  graft  copolymer,  of  which  the  cellulose  had 
broken  down  to  the  monosugar,  was  washed  with  water  and  the 
degree  of  polymerization  of  the  polystyrene  or  polyacrylonitrile 
graftings  was  determined  viscometrically.  The  degree  of  poly- 
merization of  the  grafting  was  found  to  vary  within  the  limits 
of  20  to  100. 


Resume 

Les  copolymeres  greffes  de  cellulose  par  suite  de  combinaison 
des  proprietes  des  constituants  presentent  1 ’interet ; essentiel 
elargissant  considerablement  la  region  d'application  des  ma- 
teriaux  polymeriques:  Ils  sont  obtenus  par  les  meihodes  chimi- 
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ques  d ’initiation  des  rnolecules  polymeriques  de  depart  ainsi 
que  par  les  methodes  physiques  d ’activation  des  macromole- 
cules par  les  rayons  par  I’irradiation  U.  V.,  par  la  rupture 
des  chaines  des  molecules  moyennant  I’action  mecanique 
etc. 

Nous  avons  utilise  des  methodes  chimiques  et  I’irradiation 
par  les  rayons  — y Comme  I’objet  initial  a ete  unilise 

'a  cellulose  de  coton.  Des  monomeres  on  a utilise  I’acrylonitryle 
et  styrolene. 

Le  traitement  de  la  cellulose  par  les  methodes  chimiques  se 
realisait  par  Taction  du  melange  d ’ozone  avec  Toxygene  pour 
Tobtention  des  polyperoxydes  de  cellulose. 

Les  derniers  etant  chauffes  se  decomposent  et  dans  quelques 
portions  des  molecules  de  cellulose  se  forment  les  macroradicaux 
actifs  susceptibles  de  reagir  avec  les  monomeres  et  d’aboutir 
a la  formation  des  copolymeres  greffes. 

Le  greffage  des  monomeres  a la  cellulose  activee  s’executait 
a basse  pression  a 100°.  Par  cette  methode  on  a obtenu  les  copoly- 
meres greffes  de  cellulose  de  coton  avec  T acrylonitrile  et  ceux 
de  corde  viscose  avec  le  styrolene  contenant  des  greffages  vers 
40%  (en  poids). 

L’ etude  des  proprietes  des  copolymeres  greffes  a montre 
que  le  polymere  greffe  avec  Tacrylonitrile  est  colore  beaucoup 
mieux,  il  est  plus  resistant  a Taction  des  microorganismes  et 
des  rayons  solaires.  Apres  le  greffage  des  chainons  polystireni- 
ques  a la  corde  viscose  1 ’adhesivite  de  la  corde  a la  resine  augmente 
de75%. 

Les  copolymeres  de  cellulose  avec  le  nitrile  acrylique  ont 
ete  obtenus  par  Tirradiation  du  melange  de  la  celulose  avec  les 
solutions  d ’acrylonitrile  en  milieux  differents  dans  un  large 
diapason  de  dose  d ’irradiation  et  de  concentration  du  mono- 
mere.  On  trouve  que  la  dose  pour  Tobtention  des  copolymeres 
greffes  a ete  trouvee  egale  a 10  roentgen. 

Les  etudes  preliminaires  ont  montre  que  Tirradiation  se- 
paree  de  cellulose  et  son  traitement  ulterieus  par  les  monomeres 
n’aboutit  pas  a la  formation  des  polymeres  greffes. 

La  formation  des  copolymeres  greffes  de  cellulose  avec 
-Tacrylonitrile  se  produit  seulement  dans  les  cas  ou  le  solvant 
de  Tacrylonitrile  humecte  bien  la  cellulose  et  est  sorbe  par 
elle  contribuant  a le  penetration  du  nitrile  acrylique  dans 
Tespace  intermoleculaire  des  macromolecules  de  cellulose.  Ce 
processus  n’est  pas  lie  a la  formation  des  composes  de  cellulose 
mais  il  a un  autre  mecanisme  d’activation. 

Pour  prouver  la  formation  des  copolymeres  greffes  dans  les 
conditions  indiquees  etnon  simplement  des  derives  de  cellulose  ou 
les  groupes  d ’acrylonitrile  et  de  styrolene  sont  repartits  reguliere- 
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ment  pour  tous  les  motifs  de  chaine  nous  avons  mis  au  point  une 
methode  de  determination  du  degre  de  polymerisation  des  por- 
tions greffees. 

Dans  ce  but  les  ecbantillons  des  copolymeres  greffes  de  cel- 
lulose etaient  soumis  a I’hydrolyse  en  milieux  acides.  La  cellulose 
qui  se  decomposait  jusqu’aux  monosucres  etait  lavee  de  I’eau; 
le  degre  de  polymerisation  des  greffages  composes  de  polystyro- 
lene  et  de  polyacrylonitrile  etait  determine  selon  la  methode 
viscosimetrique.  On  a trouve  que  le  degre  de  polymerisation  des 
greffages  est  entre  20  et  100. 
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BJIHflHHE  MYPABbHHOH  KHCJIOTLI 
H OOPMHATOB  HA  OKHCJIEHHE  yrJIEBOflOPOaOB 
H ypjiEBO j];opoji;hmx  hojihmepob 

B,  M.  lO  phe  A.H.  JI  pae  ednuKoe^  C.  C.  Me  d e ede  e 

(CCCP) 


Xopomo  H3BeCTHO,  HTO  npH  OKHCJieHHH  yrJieBO^OpO^HHX  nOJIH- 
MepoB  cKopocTfc  norjiomeHHH  KHCJiopo^a  cna^ajia  BoapacTaeT  b6 
BpeMGHH,  SaTGM,  npOH^H  HGpG3  MaKCHMyM,  CHHH{aGTCH  H,  HaKOHGU,, 
B TG^GHHG  AJIHTGJIBHOrO  BpGMGHH  OCTaGTCH  npaKTHHGCKH  HOCTO- 
HHHOH, 

TaKoii  me  xoa  hmggt  h KpHsan  HaKonjiGHHH  hgpgkhchmx  co- 

G/^HHGHHH. 

EcJIH  npGAnOJIOJKHTL,  HTO  nOCTOHHCTBO  CKOpOCTH  Ha  HOCJIGA' 
HGH  CTaflHH  CBH3aHO  C J^OCTH^KGHHGM  CTaH,HOHapHOrO  COCTOHHHH 
B CHCTGMG,  TO,  npHHHMaH  BO  BHHMaHHG  HG06hhHHH  XO^  KpHBOH 
Ha  HGCTan,HOHapHOM  ynacTKG  (najiHHHG  MaKCHMyna) , npHXo;a;HTCH 
AonycTHTB,  hto  npn  rjiyCnHG  okhcjighhh,  6jih3K0h  k rjiy6HHG, 
COOTBGTCTByK)ni,GH  MaKCHMaJIbHOH  CKOpOCTH,  pG3KO  B03paCTaGT 
POJIB  KaKHX“TO  npOII,GCCOB,  npHBOAHm.HX  K CblCTpOMy  yMGHBIHGHHK) 
CKOpOCTH  OKHCJIGHHa  H CHHJKGHHH)  KOHAGHTpan;HH  HGpGKHCHHX 
COGAHHGHHH. 

OhGBHAHO,  HTO  CKOpOCTH  3THX  npOAGCCOB  6yAyT  B SHaan- 
TGJIBHOH  CTGHGHH  OnpGAGJIHTB  CTaAHOHapHBIG  3HaHGHHfl  CKOpOCTH 
OKHCJIGHHH  H KOHI],eHTpai],HH  HGpGKHCH. 

AnaHorHHHBiG  pGayjiBTaTH  6bijih  nojiyaGHBi  h npn  okhcjighhh 
HCHflKHX  yrjiGBOAopoAOB.  PaccMOTpGHHG  HMGK)rn;HXCfl  B JiHTGpaxype 
AaHHHX  o6  OKHCJIGHHH  A^KaHa  [1]  nOKa3HBa6T,  HTO  CHHJKGHHG 
CKOpOCTH  OKHCJIGHHH  COBHaAaGT  HO  BpGMGHH  C pG3KHM  BOSpaCTa- 
HHGM  CKOpOCTH  06pa30BaHHH  Kap60HHJI-,  Kap6oKCHJI-  H THAPO- 
KCHJicoAepH^amHX  cogahhghhh,  a ycTaHOBJiGHHG  CTaAHOHapHoro 
COCTOHHHH  — C AOCTHHCGHHGM  CTHAHOHapHOH  KOHAGHTpaAHH  3THX 

cogahhghhh.  IIoaTOMy  moh^ho  hpgahojiohchtb,  hto  tghghhg  npo- 
AGCCOB,  npHBOAHIAHX  K CHHHCGHHK)  CKOpOCTH  OKHCJIGHHH  H yMGHB- 
niGHHK)  KOHAGHTpaHiHH  HGpGKHCHHX  COGAHHGHHH,  KaKHM-TO  06- 
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pa30M  CBH3aHO  c HaKonjieHHeM  b CHCTeivte  '9thx  npo^yKxoB  okhc- 
JieHHH. 

C i^ejibH)  npoBepKH  btoto  npeflnojiOKenHH  6HJia  nccjiGAOBana 
KHHeTHKa  OKHCJieHHH  i^exana,  BemecxBa,  MOAejiHpyK)m,ero  hojih- 
jviexHJieHOByK)  i^enoTOy,  npn  140°  Ha  ycxanoBKe  c npHHyflHxejib- 
HOH  i;HpKyjiHH;HeH  KHCJiopo^a.  Bhjio  nOKaaaHO,  hxo  yfl;ajieHHe 


^ ^ 0 1 t « < > ^ 1 — • *- 

4^0  UkQ  ^50  460  470  480  450  500  510  520 


Opem,  MUH 

Phc.  1.  BaHHHHe  y^aJieHHfl  HHHcnero  (KHCJioxHOro) 

CJiOH  Ha  KHHeiHKy  OKHCJieHHH  i^exana  npn  140°  (hh5Khhh 

CJIOH  yffaJiflJiH  B TOHKe  A) 

J — HBMeHeHHe  KOH^eHTpa^HH  rHflponepeKHCHux  coeflHHeHHii; 

2 — HSMCHCHHe  CKOPOCTH  norJIOIHeHHa  KHCJIOpOfla. 

:h:3  CHCxeMM  HHjKHero  cjioh,  npefl;cxaBJiflioiii,ero  co6oh  cmgcb  ajin- 
(|)axHHecKHX  cogahhghhh,  coAepjKamnx  KapSoKCHJibHHG,  Kap6o- 
HHJIbHfclG,  CJIOJKH03$HpHHG  H rH^pOKCHJIbHblG  rpyHHHpOBKH,  HOGJIG 
.ffOcxHJKGHHH  cxaicHOHapHoro  cocxoHHHH  npHEO^Hx  K BOspacxaHHio 
CKOpOCXH  OKHCJIGHHH  H K yBGJIH^GHHIO  KOHIl^eHXpailHH  HGpeKHC- 
HBIX  COGAHHGHHH  (pHC.  1).  J],b6aBJIGHHG  3X0X0  CJIOH  K HHCXOMy 
HGOKHCJIGHHOMy  I^GXaHy  SaMGXHO  CHHJKaGX  HanaJIbHyK)  CKOpOCXb 
GXO  OKHCJIGHHH,  B XO  BpGMH  KaK  BGpXHHH  CJIOH  HpaKXHHGCKH  HG 
•OKaSHBaGX  HHKaKOrO  BJIHHHHH  Ha  CKOpOCXb  pGaKHjHH  HJIH  flaJKG 
HGCKOJIbKO  yBGJIHHHBaGX  GG  (pHC.  2). 

XIpe^CXaBJIHGT  HHXepGC  HCCJIGflOBaHHG  KHHGXHKH  OKHCJIGHHH 
iiexaHa  npn  HenpepHBHOM  y;j;ajiGHHH  khcjilix  npoflyKxoB  h3  ch- 

CXGMH. 

C 3XOH  H;eJIbH)  OKHCJIGHHG  HpOBO^HJIH  Ha  yCXaHOBKG,  OX- 
^HHaK)ra,eHCH  ox  o6i>IHHOH  HaJIHHHGM  B oSpaXHOM  XOJIO/i;HJIbHnKG 
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aaTBOpa,  b KOTopoM  npOHCXo^MO : OTCTaHsaHHe  • ctenaiomero  laa 
xojioAHjibHHKa  yrjieBO^opoffa,  coAepH<aii],ero  khcjibig  npo^yKTH 
(npH  TeMnepaType  pcaKi^HH  peaKu.HOHHaH  CMecb  roMorenHa).  Kan 
BHflHO  H3  pHC.  3,  KpHBafl,  xapaKTepH3yK)m;aH  CKopocxb  norjio- 
meHHH  KHCJlOpOJI,a  '(KpHBaH  2),  peSKO  OTJIH^aexCH  ox  KpHBOil, 


BpeMfi,  *^acbi 

Phc.  2.  OKHCJiGHiie  i^exaHa  npn  140° 

1 — omicJieuHe  ™cToro  rteTana;  2 — oKHCJienne  i^exana,  coAepmamero 
6%  Bepxnero  (yrjieEOAOpoAHoro)  cjioh;-5 — OKHCJieHne  nexana,  coaepwa- 
mero  .4%  HiiHiHero  (KHCJiOTHoro)  cJiOfl. 

ixojiyHeiiHoii  b npHcyxcxBHH  khcjibix  npo^yKxoB  (KpnBafl  1).  B nep- 
BOM  cjiy^ae  okhcjighho  nocjie  HaHajitHoro  aBxoKaxajiHxnnecKoro 
nepno^a  B xe^ienne  ;i;jiHxejiBHoro  BpeMeim  npoxeKaex  npaKxHMC- 

CKH  C nOCXOHHHOil  CKOpOCTbK).  . ' 

Hay^IGHHe  BJIHHHM  paSJIH^HblX.  KHCJIOT,  KGXOHOB,  CJIOH^HHX 
a^HpoB,  ajibAGraflOB  h cnupxOB  na  KHHGXHKy  OKHCjiGiina  HGxaHa 
noKasajio  (pnc.  4),  axo  CHH>KGHHe  CKopocxn  okhcjighhh  iiaSaio- 

)i;aGXCK  TOJIbKO  B npncyXCXBHH'  MypaBbHHOH  khcjioxbi  h (|:opMHa' 
TOB.  floSaBJIGHIIG  BCGX  OCXaJIbHbIX  HCCJIG^OBaHHblX  COG^HHGUHII 
B CHCXGMy  XIG  OKaSbIBaGX  HHKaKOrO  BJIHHHHH  Ha  CKOpOCTb  pGaK- 
II,HH  HJIH  Ji;a>KG  yBGJIHHHBaGX  GG.  ' 
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BtIHCHeHHH  pOJIH  MypaBBHHOH  KHCJIOTH  HpH  OKHC.TreHHH 
yrJIGBOflOpOfllOB  . ShJIO  HCCJie^OBaHp  BJIHHHHe  3TOH  KHCJIOTW  Ha 
KSHGTHKy  pacnaAa  aJiKHjitHux  rHAponepeKHcen. 

Bhjio  noKaaaHO,  hto  pacna^  rHAponepeKHcn  xpex.  Gyxnjia 

B MypaBBHHOH  KHCJlOTe  npOTOKaeT  CO  SHaHHXeJIBHO  SoJIBUIHMH 


Phc.  3.  BjiiiHHHe  HenpepHBHoro  yAajieHHfl  HHJKHero  cjiOH 

Ha  KHHeTHKy  OKHCJiemiH  AexaHa  npn  140: 
i 063  Rnmnero  cjioh;  2 — c y^ajicHHCM  HHHtHcro  cJioa. 

CKopocTflMH,  HCM  B yrjiCBOAOpOAax.  J^aHHHe,  nojiyHeHHBie  npH 
npOBGAeHHH  pacnaAa  b yKcycHoii  KHcjioxe  noKasBiBaiox,  hxo  axox 
3$(j)eKx  CBHsaH  He  XOJIBKO  c pH  cpeAH  (xa6ji.  1). 

TaOjiHpa  1 


PacnaA  rnAponepcKncH  xpex.  6yTnjia  b paaJiiiHHwx 
pacTBopHTejiHx  npH  93,5°  b Banyyaie 
KoHqeHTpaAHH  riiAponepeKiicn  8 Bee.  % 


PaCTBOpiITPJIb 

PacnaA,  % 

BpeMH, 

MHH. 

MypaBBHHan  

75 

10 

yncycHaH  KHCJiOTa  .... 

8,4 

10 

renxHJi^opMHaT 

21,5 

60 

renxHJianexax 

1,0 

60  ' 

KyMOJi 

1,0  . 

60 
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Pa3Jio>KeHHe  raAponepeKHcn  b MypaBMHOH  KHCJiOTe  conpo- 
BOJK^aexcH  oSpaaoBaHHeM  xpex:  '6yTHjiOBOro  cnnpxa  h CO2  b ko- 
jiH^ecTBax,  npaKxHHGCKH  9KBHBajieHxHtix  KOJiHHecTBy  pacnaB- 
mencH  rn^ponepeKHCH.  npoBeAenne  pacna^a  b MypaBtHHOH  khc- 
jioxe,  MeHeHHOH  paAHoaKXHBHWM  naoxonoM  yrjiepo^a  no- 

KaaaJio,  hxo  CO2  oSpaayexcH  no^xn  ncKjiiOTOxejibHp  H3  MypaBB- 
HHOH  KHCJIOXH  (aKXHBHOCXb  HCOOH  1800  UMTiImUH.MJI,  aKXHB- 
HOCXb  CO  2 1800  UMnjMUH  -MJl) 

9xh  j^aHHBie  nosBOJifliOT  npe^nojioji^Hxb,  qxo  yBejiHHeHHe  cko- 
pocTH  pacna^a  rHAponepeKHcn  b npncyxcxBHH  MypaBbHHoii  khc- 
jiOTH  cBH3aHO  c npoxGKaHHeM  cjie^yiomHX  peaKn,HH: 

0 0 

rO.  + HC^OH-»ROH  + -C-OH  (1) 

PaflHKaji  -COOH  pearnpycT  c MOJieKyjioH  raAPonepeKHca  c o6pa- 
soBaHHeM  MOJieKyjiH  CO2,  MOJieKyjiH  Tpei.  6yTHjioBoro  cnnpxa 
(hjih  boam)  h Tpex.  6yTpKCHJibHoro  (hjih  XHApoKcnjib- 

Horo)  pa^HKaJia  . 

P • 

•C  —OH  + ROOH^  COa+  ROH 
(nan  H20)+RO'  (Han  HO*)  (2) 

TaKHM  o6pa30M,  mojkho 
AyMaxb,  MTO  6brcTpoe  paa- 

jiojKGHHe  rHAponepeKHCHHX 

coeAHHeHHH  npH  okhcjig- 
HHH  yraeBOAopoAOB  cBHaa- 
HO  c HaKOiiJieHHeM  b CHCxe- 
Me  MypaBbHHoii  KHCJioxti  h 
(j)OpMHaTOB,  KOTopue,  Baa- 
HMOAGHCXByHC  paAHKaJiaMH, 

o6pa30BaBniHMHCHnpH  pac- 
naA©  THAponepeKHCH,  Aaiox 

paAHKaJibi  *COOH  hjih 
‘COORjBCxynaioiAHeB  peaK- 
AHK)  (2).  Kan  h cjigao- 
Baao  oKHAaxb,  xopMomeHne 

peaKI3,HH  OKHGJieHHfl  npH  BBG- 
AeHHH  B CHcxeMy  MypaBbH- 
HOH  KHCJIOXH  COnpOBOKAaCT- 

CH  BHAeJieHHGM  CO  2 (o6hb:ho 


dpeMP,  uacbi 


Piic.  4.  BaHflHHe  A^^aBOK  (4^10%). 

paSailBHHX  COeAHHGHHH  Ha  KHHGTHKy 

OKHcaeHHH  Aeiana  npH  140'^. 

1 — H-MacaHHaH  KHcaoxa,  2 — HHaMUjiKeTOH, 
3 — ^ nponiiaOyTHaKapOnHoa,  4 — MypaBbHHaa 
KHcaoTa,5  — renTHa$opMHaT;  6 — renTHaaae- 
TaT,  7 — HexaH,  8 — yKcycnaa  KHCJiOTa 


1 JIjih  onpeAeJieHHfl  aKXHBHOCTH  GO2  ra30o6pa3HHe  npoAyKTH  peaKAHH 
co6HpaJiH  B jioBymKy,  oxjiaJKAaeMyio  hchakhm  khcjiopoaom;  saxeM  npn  TeM- 
nepaxype  cyxoro  jibab  CO2  HcnapaJiH  h noAaBajiH  b chgxhhk. 
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npir  OKHCJieHHH  bhcokhg  cKopocxii  o6pa30BaHHHC02  Ha6jiK)AaiOTCft 
TOJiLKO  npa  BHaraxejifcHLrx  rj[y6HHax  peaKuiHH). 

OnbiTiJ,  nocTaBJieHHtie  c MencHOH  MypaBBHHOM  khcjiotom, 
jiOKaaaJiH,  hto  h b 9tom  cjiy^ae  CO2  oSpasyexcH  rjiaBHBiM  oSpaaoM 


Phc.  5.  OKMCJieime  conojiiiMepa,  noJiyHeiiiioro  paajio- 
JKGHHeM  cMecH  AHasoMexaiia  H AHasoaxaHa  npH  141°. 

i — 063  AoOaBOK,  2 — c AoOaBKOfi  10%  neHTaneAnji$opMHaTa . 


XI 3 MypaBBHHOii  KHCJIGTH  (aKTHBElOCTB  BBCAGHHOH  MypaBBMlJOM 
KHCAOTBI  1800  UMnjMUH’MJl,  aKTHBHOCTB  CO2  1000  UMUImUH  * MJl) , 
C i];ejiBH)  npoBepKH  npHMeHHMOcxH  H3Jio>KeHHBix  BBime  npeA- 
CTaBJieHHH  K nOAHMepHBIM  CHCTGMaM  6hJIO  HCCJlGAOBaXIO  BJIXlBPlPJe 
nGHTaAGB,HJI(|)OpMHaTa  na.  KHHGTHKy  OKHCJIGIIHH  nOAHMGpa,  nOJiy- 
HGHHoro  pasJiOKGHHGM  CMGCH  AHaGOMGTaiia  H A^asoaTaHa 

(75  : 25).  IIojiyqeHHHe  pGsyjiBTaTH  nokasBiBaiOT,  hto  bbgaghhg  b no- 
jiHMGp  10%  3Toro  ^opMHaTa  (2,2%  rpynn  HCOO— ) npHBOAHT 

K CHHH<GHpriO  CKOpOCTH  OKHCJIGHHH  B ~1,5  pa3a  (pHC:  5), 

TaKHM  o6pa30M,nojiyHGHHBrG  AaiiHUG  AaiOT  ociiOBaHHo  CTOxaiB, 
HTO  CHHJKGHHG  CKOpOCTH  OKHCJIGHHfl  yrJIGBOAOpOAOB  H yFAGBOAO- 
pOAHBIX  nOJIHMepOB  OnpGAeJIHGTCB  HG  CTOJIBKO  yMGHBBIGHHGM  KOH- 

ilGHTpaiinH  yrjiGBOAOpOAa  b chctgmg,  ckojibko  6hctphm  paBAOJi^e- 

HHGM  ncpOKHCHBIX  COGAHHGHHH  B pG3yJIBTaTG  HX  BBaHMOAGHCTBPlVl 
C paAHKaJiaMH,  oSpaSOBaBBOCHMHCH  H3  MypaBBHIlOH  KHCJIOTBT. 

JIiiTepaxypa 

1.  JT.  C,  B a p X a II  H H,  3.  K.  M a ii  3 y c,  H.  M,  3 M-a  h y a ji  b, 
(J)H3.  XHMMii,  30,  862,  1956.  * 
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Summary 

It  is  well  known  that  the  rate  of  oxygen  absorption  and  the 
concentration  of  peroxides  in  the  course  of  hydrocarbon  oxidation 
passes  through  a maximum.  A similar  picture  is  observed  also 
on  oxidation  of  liquid  hydrocarbons.  However  the  lowering 
of  the  oxidation  rate  and  of  the  concentration  of  peroxides  is 
evidently  due  to  accumulation  of  oxidation  inhibitors  in 
the  system  rather  than  to  a fall  in  the  hydrocarbon  concentra- 

With  the  aim  of  ascertaining  the  inhibiting  action  of  the 
products  of  hydrocarbon  oxidation  a kinetic  study  was  underta- 
Ln  of  the  oxidation  at  140°-150°of  cetane,  a hydrocarbon  ser- 
ving as  model  of  the  polyethylene  chain.  The  absorption  of  oxygen 
bv  cetane  exhibits  an  autocatalytic  character  in  the  initial  sta 
ges  of  the  process  (to  the  extent  of  25—30%);  however,  on 

further  oxidation  there  is  a rapid  fall  in  the  reaction  rate;  when  the 
reaction  has  proceeded  to  above  40 — 50%  its  rate  becomes  prac- 
tically constant.  The  curve  depicting  the  accumulation  of  pero- 
xides in  the  system,  remains  practically  constant.  The  peroxide 
accumulation  curve  passes  through  a maximum  at  25— 3U/o 
reaction  and  then  falls  abruptly.  At  reaction  extents  above 
40—50%  the  concentration  of  peroxides  remains  practically  con- 
slant.  At  the  same  time  the  kinetic  chain  length  of  the  oxida** 

tion  reaction  diminishes.  i.  -j  .• 

A study  of  the  effect  of  the  oxidation  products  on  the  oxidation 
process  showed  that  an  inhibiting  action  is  exerted  by  formic  acid , 
formed  in  the  course  of  reaction.  Its  removal  from  reacting  sy- 
stem leads  to  an  increase  in  the  rate  of  oxygen  absorption,  accom- 
panied by  increase  in  concentration  of  the  peroxides  and  in  the 
kinetic  chain  length. 

The  data  obtained  in  the  study  of  cetane  oxidation,  ot  the 
hydroperoxide  induced  polymerization  of  various  naonomers  in 
the  presence  of  formic  acid  and  of  the  decomposition  of  the  hj^dro- 
peroxides  in  the  presence  of  the  latter  give  grounds  to  believe 
that  inhibition  of  the  oxidation  of  hydrocarbon  polymers  and 
of  liquid  hydrocarbons  is  associated  with  interaction  between 
peroxides  and  the  free  radicals  formed  from  the  formic  acid. 


Resume 

On  sait  que  la  vitesse  de  1 ’absoption  d ’oxygene  et  la  concentra- 
tion des  peroxydes  dans  le  systeme  au  cours  de  I’oxydation  des 
polymeres  hydrocarbones  passe  a travers  le  maximum.  Un  ta- 
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bleau  pareil  cst  egalement  observe  pendant  Toxydation  des 
hydrocarbures  liquides.  Cependant  la  diminution  de  la  vitesse 
d’oxydation  et  la  diminution  de  la  concentration  des  peroxydes 
ne  sont  pas  la  suite  de  la  reduction  de  la  concentraition  des 
hydrocarbures  mais  sont  liees  a ce  qu'il  parait  avec  Taccumu- 
lation  dans  le  systeme  des  composes  qui  inhibitent  Toxydation. 

Dans  le  but  de  tirer  au  clair  le  mecanisme  de  Taction  inhi- 
bitrice  des  produits  de  Toxydation  des  hydrocarbures  on  a 6tudid 
Toxydation  de  cetane  compose  qui  mod^e  une  chaine  poly- 
ethylenique  a la  temperature  de  140 — 150°.  absorption  d’oxygene 
par  cetane  au  stade  initial  de  la  reaction  porte  un  caractere  autoca- 
talitique  (jusqu  a la  profondeur  de  25—30%),  cependant 
au  cours  de  Toxydation  ulterieure  on  voit  une  diminution 
rapide  de  la  vitesse  de  reaction;  a la  profondeur  au  dessus  de 
40 — 50%  la  reaction  s'effectue  pratiquement  a vitesse  constante. 
La  courbe  d 'accumulation  des  peroxydes  a la  profondeur  de 
25 — 30%  passe  par  le  maximum  et  ensuite  s 'incline  brusquement; 
a la  profonduer  de  40 — 50%  la  concentration  des  peroxydes 
reste  pratiquement  constante  dans  le  system©.  En  meme 
temps  on  observe  le  raccourcissement  de  chaine  cinetique,  de.  la. 
reaction  d'oxydation. 

L 'etude  de  1 'influence  des  produits  d'oxydation  sur  le  pre- 
cede d'oxydation  a montre  qu'une  action  inhibitrice  est  exer- 
cee  par  I'acide  formique  qui  se  forme  au  cours  de  la  reaction." 
Son  elimination  du  systeme  reactionnaire  aboutit  a I'accrois- 
sement  de  la  vitesse  de  Tabsorption  d'oxygene  suivie  par 
Taugmentation  de  la  concentration  des  peroxydes  et  par  TaL 
longement  de  la  chaine  cinetique. 

Les  donnees,  obtenues  par  T etude  de  Toxydation  de  ce- 
tane, de  la  polymerisation  des  monomeres  differents  amorcee 
par  peroxydes  en  presence  d'acide  formique,  et  de  la  destruction 
des  peroxydes  en  presence  de  cet  acide,  donnent  raison  de  con-, 
siderer  que  Tinhibition  de  Toxydation  des  polymers  hydro- 
carbones  et  des  polymeres  liquides  est  liee  avec  Tinteractioh^ 
des  radicaux  libres,  qui  se  forment  a la  suite  de  la  reaction  entre 
de  Tacide  formique  et  hydroperoxydes. 
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H3yHEHHE  BJIHflHHH  HEKOTOPLIX  OPrAHHHECKHX 
n aJIEMEHTOOPrAHHHECKHX  COE^HHEHHH 
HA  TEPMHHECKyH)  ^ECTPyKIlHK) 
HOJIHBHHHJIXJIOPHflA 

3,  B.  JI  ono  e a,  M.  fl  no  6 c n ii  u 

(CCCP) 


/^jiH  saMeAJieHHfl  CTapeHHH  BMcoKOMOJieKyjiHpiitix  coeAHHcimH 
npHHpHHHajiBHO  MOPyT  6hti>  HcnojibsoBaHH  xpH  nyTH:  1)  no^aB- 
jienne  u,enHHX  peaKiiiHH,  paaBHBaiomHXCH  npn  aghctbeth  iia  nojm- 
Mep  xenjia  hjih  CBexa;  2)  coaflaHse  ycjiOBHH,  npa  Koxopux  npo- 
n,eceH,  npoxeKaK)m;He  npH  .AecxpyKpHH,  HMeiox  o6paxHMHH  xa- 
paKxep,  H 3)  coa^aHHe  ycjiOBHH,  npn  KoxopHX  o6pa3yK)in;H:ecH 
B npopecce  ^ecxpyKpnn  BeipecxBa  npennxcxByiox  6ojiee  rjiy6o- 
KOMy  pasjiojKeHHK)  nojiHMepa. 

npaKXHnecKH  AJin.  cxaSHJinaai^HH  raJiOH;i;cofl;ep>Kaiii,HX  nojin- 
MepoB  B 6QjibinHHcxBe  cjiynaeB  flo6aBJiflioxcH  Bem.ecxBa,  cnoco6- 
Hiie  HHrH6n:poBaxb  ii;enHbie  peaKpsH  pacna^a.  OflHaKO  b mhoxo- 
HiHGJieHHblX  HCCJiefljOBaHHHX,  ‘ OXHOCHIpHXCH  K axoH  o6jiacxH, 
dnenb.  Majro  cBeAennH,  Koxopbie  xapaKxepnaOBaJin  6bi  cnen;H(|)HKy 
HHrnSHpyioinpro  ^encxEnn  cxaSnjiHsaxopoB  pasjiHnubix  xnnoB. ' 

I],e^bK)  HanieH  paSoxH  6bijio  nsynenne  neKOxopHX  ocoSeimo- 
cxen  HHrnSnpyiomero  flencxBHH  cxaSnjiHsaxopoB,  Koxopue  pas- 
jiknaidxcH  no  CBOeii  cnoco6HOcxH.  CBHstiBaxb  xjiopncxBiH  BO/i;opofl, 
dTi^enjiHioin,nHCH  npn  /^ecxpyKpnn  nojiHBHHHjixjiopnffa.  Hann 
6bEjiH  nsynenbi  cxa5HJiH3axopbi,  oSpasyiomne  oxHOCHxejibiio  ycxoii- 
TOBbie  xjiopH;:^H  (cojiH  MexaJiJiOB),  cxaSnjiHsaxopbi,  oSpasyioinne 
HeycxoMHBLie  xjiopn^bi  (ojiOBOopraHnnecKire  coej^HHeHHH),  n 
Gxa6HJiH3axopbE,  Koxoptie  ne  pearnpyiox  c xjiopncxbiM  BO^opo/iiOM 
npn  xeMnepaxype  pacnaAa  nojiHBHHHjixjiopHAa  (apoMaxnnecKno 
anxHOKCHAaHxbi,  norjiom,aK)in,ne  b yjibxpa^nojiexOBon  naoxn  cneKx- 
pa).  PasJiHHne  aKpenxopnoH  chocoShocxh  cojien  MexaJiJiOB,  ojiobo- 
opraHHnecKHX  coeAHHennii  n anxMOKcnAarixoB  Siijio  BbEHBJieno 
nyxcM  onpCAOJieHHH  HSMenennH  KoiipeHxpapnH  noHHoro  xjiopa 
B KOMnosHAHH  nojiHBHHHjixjiopHA  — cxa6]a:jiH3axop  npH  ee  na- 
rpesaHHEr,.  a xaKJKO  nyxeivr  onpeAejieHna  coAep>KaiinH  Honnoro 
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H KOBajiGHTHO  CBflsaHHoro  xjiopa  B npoAyKxax  o6pa6oTKH  cia- 
6wjIH3aTOpOB  X^IOpHCTMM  BOfl,OpO;:^OM.  Ilpn  nOCTOHHHOH  TCMnepa- 
Type^  B npoi^ecce  HarpeBanna  nojiHBHHnaxjiopHAa  b npHcyxcTBHH 
cojien  MerajuiOB  KOHi],eHTpai^HH  Honnoro  xaopa  BoapacTaei  h mo- 
>KeT  AOCTBraTL  sHaaennii,  aKBHBajieHXHHx  KOH^eHxpa^HH  cxa6H- 
JiHsaxopa.  Ilpii  HarpeBaHHH  nojrHBHHHjixjiopnj^a  b npncyxcxBHH 


^ HachmeHue  djjn  0,  OOO 25  mnn  na  W e HBX , 


BpeMP  HazpaeaHUR, 

Phc.  1.  HsMenenHe  KOHiiieHTpaiiiHH  noHHoro  xjiopa  b kom- 
noaimHH  nojiHBHHHJixjiopHA  — CTa6HJiH3aTop  npH  175  ° 


B TOKe  B03^yxa. 

1 — Oea  cTaOHjiHsaxopa,  2 — cxeapax  cBHHaa,  3 — cxeapax  raiHKa, 

4 — MaaeHHax  aHSyxHjiojiOBa,  5 — 2,4-flH0KCH6eH30$eH0H. 

ojiGBOopraHHaecKHX  coe^MHeHHH  KOHij.eHTpaij,HB  HOHHoro  xjiopa 
B KOMno3HD;HH  B HaaaJic  iiecKOjiBKo  yBGJiHaHBaexcH,  a 3axeM  no- 
HH>KaexCH,  axo  M0>KH0  o6x>flCHHXI>  HeyCXOMaHBOCXBK)  XJIOpHflOB 
;^HajiKHjiojiOBa;  npn  HarpeBaHHH  b npncyxcxBHH  aHXHOKCH/^auxOB 
KOHD,eHxpaB;HH  HOHHoro  xjiopa  ocxaexcH  xaKOH^  >Ke,  KaK  h b hc- 
xo^^HOM  nojiHBHHHJixjiopHji;e  (pHC.  1).  06pa6oxKa  cxa6HjiH3axopOB 
xjiopncxLiM  BO^opofliOM  npH  175°  B npncyxcxBHH  B03fl,yxa  noKaaaJia, 
Bxo  cojiH  MexaJiJiOB  o6pa3yK)x  npoj^yKxti  c cofl;ep>KaHHeM  xjibpa, 
cooxBexcxByK)m,HM  xeopexHaecKOMy  no  peaKii,HH, . oSMennoro  paa- 
JIOKGHHH,  a HCCJiejIiOBaHHLie  HaMH  ailXHOKCH^aHXBT  HG  npnCOGAH- 
HHiox  xjiopncxoro  BOj^opo;i;a;  HnrHbnpyiomee  aghcxbhg  yKaaan- 
HHX  xpex  xHnoB  cxaSnjiHaaxopoB  oii,eHHBajiH  no  hsmghghhk)  cko- 
pocxH  o6pa30BaHHH  HOHHoro  xjiopa  npn  narpcBannH  nojiHBHnnji- 
xjiopHAa  B HX  npncyxcxBHH. 

HnrnSnpyioniaH  aKxsBHocxB  cojigh  MexajiJiOB,  b.  nacxnocxH 
cxeapaxoB  CBHHii;a,  bapna,  KajiLi^nn,  KaAMHH  n i^niiKa,  "Kaic  6hjio 
saMcneiio,  CBHsana  c nojiOKGHHGM  kexaJiJia  b nepnoAHnecKon 

CHCXGMG  aJTGMGHXOB:  HanSoJIGG  CHJILHHM  HHrH6HXOpOM  paCHBAa 
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27.  ..  57,  . lOy. 


/ 2 3 / 2 3 / 2 3 


BpeAia  HazpeeaHua,  vacbi 


BpeMn  HazpeeaHUH,  vacbi 


Phc.  2.  SaMeAJieune  pacna^a  noaHBHHHnxnopuAa  upn  175“ 

• B TOKG  Bosflyxa: 

a — B npiICyTCTBHH  COJiefl  MeTaJTJlOB. 

1 — Cea  craOHjiHsaxopa,  2 — : cxeapax  cBHHpa,  3 — cxeapax  GapHH, 
^ — cxeapax  KajimHH,  6 — cxeapax  BanMHfi,  6 — cxeapax  iiHHKa. 

6 ~ B hpHcyxcxBHH  ojiOBOOpraffliHecKHx  cxaOHjraa^xopoB  (0,00025 
cxaSHjiHaaxopa  na  \0  a IIBX) 

i -r  dea  cxaSHjiHsaxopa,  2 — MaiieHnax  jpidyxHjiojiOBa,  3 — ^Hcxeapax 
flHdyXHflOJIOBa,  4 — nHOKXOOKCmJOJIH^'OKCHJ^HdyxHJIOJIOBO),  5 — ^HOK- 
xHjiMCpitanTHA  AHdyxHjiojioBa . 
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' Phc.  2 e — B npHcyTCTBHH  anTHOKCHflauTOB  (0,00025  mojih 
Ha  10  8 nBX). 

I — Oea  cTaOHJiHaaTopa,  2 — 2-OKCH-4-MeTOKCn0eH3O(J)eHOH,  3 — nH6eH3oaT 
pesopHHHa,  4 — aHTpaaen,  5 — nponyKTbi  aBTOKOHaencaanH  3 MOJieKyji 
miKJioreKcanoHa , o — to  me,  6 MOjieKyji. 


/ 


Phc.  2 8 — b npHcyiCTBHH  noJiHMepOB  c CHCTeMOH'conpHHCeH- 
HHX  CBHSeH  (0,1  8 Ha  10  8 IIBX). 
i — Oea  cxaCHJiHaaTOpa,  2 — nojiH$eHHjiBHHHjieH,  3 ~ dporykt  nojinoro 
aernapoxjiopHpOBaHHH  IIBX. 
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nojiHBHHHjixjibpHAa  HBJiaeTCH  cojifc  cBHHii,a,  B MeHbmeH  CTenenn: 
HHrHSnpyiOT  pacnaA  cojih  Sapna  h ero  nojiHoro  ajieKTpoHHoro 
aHaJiora  KaJitAM,  a b npHcyxcTBSH  cojien  KaAMM  h ero  nojinoro 
ajieKxpoHHoro  anajiora  u,HHKa  pacnaA  He  aaMeAJiHexcH,  a ycKO- 
paeTCH  (pHC.  2). 

Ha  ojiOBOopraHHaecKHX  CTa6HjiH3aTopoB  6Mjro  HayaeHO  a^h- 
CTBHe  nojiHMepHHX  npoAyKTOB  KOHAencaAHH  okhch  AH6yTHjiojiOBa 
c GyxHjiOBHM,  aMHJiOBbiM  H OKxHJiOBMM  cnHpxaMH  [1],  a xaKJKe- 
npoH3BOAHHX  AHSyxHJiojiOBa  o6in;eH  $opMyjiH  (C4H9)2SnX2,  rAe" 

X — aAHJibHaa  hjih  MepKanxorpynna.  Bee  yKaaanHtie  ojiobo-  . 
opraHsaecKHe  coeAHHeniiH  HaraSapyiox  pacnaA  hojihbhhhjixjio- 
pHAa.  HnrHSHpyioiAee  AencxBHe  khcjioxhhx  h ajiKOKCHJibHux  npo- 
H3boahijIX  npHMepHO  OAHHaKOBO  H npaKXHaecKH  ne  saBUcnx  or 
KOJiHaecxBa  axoMQB  yrjiepoAa  b khcjioxhoh  hjih  ajiKOKcnjiBHoa 
rpynnax.  HHrH6HpyH)rn;ee  AeHcxBEre  snaHHxejibHO  ycHJiHBaexca  npn 
saMene  axoMa  KHCJiopoAa  b ajiKOKCHjiLHOH  rpynne  na  axoM  cepH 
(pnc.  26).  Oco6eHHOCxi>  a^hcxbhh  ojiOBOopraHaaecKHX  coeAH- 
HeHHH  cocxoHx  B xoM,  axo  B HX  npHcyxcxBHH  pacnaA  nojiHBHnnji- 
xjiopHAa  HAGx  c o6pa30BaHHeM  Bein;ecxB,xoAep>Kani;HX  KOBajieHxno 
cBasaHHMH  xjiop.  Ecjih  nojiHBHHHJixjiopHA  HarpeBaxB  b npncyx- 
cxBHH  AHXJiopHAa  AHSyxHJiojiOBa  H ojiOBOopraHHnecKoro  cxaSnjin- 
aaxopa,  to  c yBeJiknenneM  npoAOJiH^HxejiBHOcxn  HarpeBanna  koh- 
AeHxpaAHa  nonnoro  xjiopa  b komhoshahh  yMeHbmaexca.  3xo  yMenb- 
menne  ne  conpoBOJKAaexca  yBejinaenneM  KOJinnecxBa  nonnoro 
xjiopa  B npoAyKxax,  BHAejiaK)m,HXca  H3  KOMnoanAnn  npn  ee  na- 
rpeBaHHH  (pnc.  3).  CBasano  jih  yKasannoe  aBjicnne  c ocoSen-* 
HOcxBK)  HHrn6HpyK)ni;ero  A^HcxEna  ojiOBOoprannnecKnx  cocah- 
Hennn  hjih  c npHcoeAnnenneM  xjiopncxoro  BOAopoAa  k nenacH- 
lAenHHM  CBa3HM  nojiHMepa  npn  KaxajmxnaecKOM  AencxBHH 
coeAHHennii  ojiOBa  — naoxoamee  BpeMa  ne  Bnojine  acno. 

Hayaenntie  naMH  anxMOKCHAanxM  — nponasoAnHe  6eH30(|)e- 
Hona,  peaopAHHa,  npoAyKxti  aBxoKOHAencaAnH  AHKjioreKcanoHa 
H Beni,ecTBa  c KonAencnpoBannHMH  apoMaxHaecKHMH  aApaMH  — 
nnrnSnpyiox  pacnaA  noanBnnnaxaopHAa  (pnc.  2 e),  9xh  Beni,ecTBa  ' 
oxanaaioxca  ox  nepBHx  AByx  thhob  cxa6HJiH3ax6poB  xpema  oco- 
6eHnocTaMH:  1)  nx  cxaSnananpyiomee  A^HCXEne  ne  CBasano 
c aKAenxnpOBanneM  xaopnexoro  BOAopoAa,  2)  pno  npoaBaaexca 
B MaKCHMaJiBHOH  cxencHH  npn  onxHMaabHon  KOHAenxpaAnn  Ka>K“ 

Aoro  ABHHoro  CTa6HAH3aTopa  n 3)  no  Mepe  noBHmenna  xeivinepa- 
xypH  ocaa6eBaex  6BicTpee,  aen  b cayaae  npEMenenna  aKAenxopOB 
xjiopncToro ' BOAoppAa;.'  " ; ^ 

OcoSbih  HHxepec  npeACxaBaaex  otkphthh  naMn  hobbih  naacc 
HHrH6HTopoB  pacnaAB  /iioaHBHHHJixaopHAa.  Bbiao  yexanoBaeno, 
axo‘  cnaBBBiMH  HHrH6HxopaMH  aAaaroxca  noanMepBi  c cncxeMon 
conpa>KeHHLix  cBaaen,  coAepa^aiAne  necnapennHc  aaeKxponu, 
ABaoKaansoBannBie  no  aenn  conpaacenna.  Tanne  nojiHMepBi  mo- 
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ryx  6HTb  nojiyMeHBi  nojiHMepnaaijHeH  ari,eTHJieHOBfcix  mohomgpob 
HjiH  nyxeM  AecTpyKii;HH  neKOToptix  BHCOKOMOJieKyjinpHHX  coe^H- 
HCHHH.  9^(|)eKTHBHLIMH  HHrnSHTOpaMH  paCHa^a  nOJIHBHHHJI- 
xaopH;i;a  hbjihiotch,  b ^acTHOcxH,  nojiH^eHHJiBHUHJieH,  nojiyneH- 
HfcTH  no,nHMepH3ai^iieii  (|)GiifijTaueTBjrena,  h npo^yKT,  nojTyHeHHuii 


Phc.  3.  HsMeiieHMe  Konij;enTpaij;iiH  nomioro  xjiopanpii 
iiarpeBaHHH  IIBX  b npHcyxcTBuii  ffHXJiopiiffa  ^i;ii6yTiiji- 
oJiOBa  H ojiOBOopraHHHecKHx  cxa^HJiHsaTopoB  (A  — ^hok- 
xHJiMepKanxHji;a  ^ii6yxnjiojiOBa,  B — MajienHaxa  ^HGyxiiJi- 
ojiOBa) 

2 — CKOpOCTb  BHAeJlCHHH  H3  KOWnOSHiaiH  COeflHIjeHUfi,  COJiepJKamHX 
* HOHFIWH  XJlOp  (B  nepeCBeTB  Ha  HCl),  2 — CKOpOCTb  HSMeneHHH 

KOHHenTpaiBiH  HOHHoro  xjiopa  b nOMnosimHH  (b  nepecneT'e  na  HCl), 

.3  — IIBX  668  cxaOHJiHBaTOpa. 

nojiHtiM  ji,erH;i;poxjiopHpOBaHiieM  nojiHBHHHJixjiopiiAa.  3th  co- 

e^HHGHHH  HBJIHIOTCH  CJia6HMII  aKI3;eilTOpaMH  XJlOpHCTOrO  BOAO^ 

po^a:  npH  175°  ohh  Moryx  npncoeflHHHTfc  ero  b KOJinnecTBe 
1—2%  (pHC.  2 a).  BticoKaH  HHrnSHpyiomaH  aKXHBHOCTL  hojih- 

MejpOB  C CHCXeMOH  COnpHJKeHHHX  CBHSGM  o6x»HCHHeXCH  HaJIHHHeMi 
CojiBinoro  KOJinnecTBa  necnapeHHHX  ajieKxpoHOB,  ,i^eji0KaJiH30^ 
BaHHHX  no  n,enH  conpHJKOHHH  (lO^"^— 10^®  - napaMarHHXHHX  , 
HacTHB,  /r[2)),  a xaKjKe  bbicokoh  cxenentio  HeHacfciin.eHHOCTH  yna- 
aaHHHX  BemecxB. 
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JlHTepaxypa 

4.  H,  A.  PHSaKO.Ba,  H.  K.  T a h k o b a,  E,  H.  3 h ji  b 6 e p- 
M a H,  TpyAH  no  xhmhh  h XHMHHecKofi  TexHOJicrnn,  1959,  Btin.  4, 
FopBKHH. 

2,  k,  A.  B e p Ji  H H,  JI,  A.  B JI  H)  M e H $ e n B ;d^,  M.  H.  H e p k a- 
niHH,  A.  3.  KaJiMa  h c oh,  0.  F.  G e ji  b c k a h,  BbicoKOMOJieK. 
coefl.,  1,  1361,  1959. 


Summary 

From  a study  of  the  thermal  degradation  of  polyvinylchlo- 
Tide  in  the  presence  of  some  organic  and  organoelement  compounds, 
:some  features  have  been  revealed  of  the  inhibiting  action  of 
these  compounds  on  thermal  degradation  processes.  The  inhibi- 
ting action  of  the  stabilizers  is  not  directly  connected  with  their 
hydrogen  chloride  accepting  properties. 

The  inhibiting  action  of  the  salts  of  organic  acids,  which 
are  typical  hydrogen  chloride  acceptors,  depends  upon  the  po- 
sition of  the  metal  component  of  the  salt  in  the  periodic  table. 
The  strongest  inhibitors  of  the  thermal  degradation  of  polyvi- 
nylchloride are  lead  compounds.  The  compounds  of  barium  and 
K)f  its  electron  analog  calcium  have  a weaker  inhibiting  effect, 
whereas  the  compounds  of  zinc  and  of  its  electron  analog,  cadmium, 
accelerate  thermal  degradation.  Characteristic  of  typical  hydro- 
tgen  chloride  acceptors  is  an  increase  in  the  chloride  ion  concen- 
tration of  the  polyvinylchloride  stabilizer  system  with 
increasing  extent  of  thermal  degradation  of  the  polymer. 

Organotin  compounds  are  inhibitors  in  the  thermal  degra- 
‘dation  of  polyvinylchloride.  They  differ  from  typical  hydrogen 
'Chloride  acceptors  in  a decrease  in  the  chloride  ion  concentra- 
Jtion  of  the  polyvinylchloride  — organotin  stabilizer  following 
a slight  increase  in  the  initial  stages. 

Some  organic  compounds  such  as  cyclic  ketones,  being  anti- 
oxidants, inhibit  the  therihal  degradation  of  polyvinylchloride. 
Their  action  is  not  associated  with  hydrogen  chloride  acceptance. 
'No  ionic. or  covalent  chlorine  is  revealed  on  heating  the  poly- 
vinylchloride — antioxidant  system. 

Ternary  mixtures,  containing  the  aforementioned  three  types 
•of  stabilizers,  namely;  hydrogen  chloride  acceptor,  the  orga- 
notin stabilizer  and  antioxidant,  have  been  found  highly 
•efficient  in  the  stabilization  of  polyvinylchloride. 
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Resume 

Au  cours  de  la  destruction  Jthermique  du  chlorure  de  polyvi- 
nyle  en  presence  des  composes  organiques  et  elementoorganiques 
*on  a revele  les  particularites  qui  sont  reliees  a Taction  inhibitrice 
•de  ces  composes  sur  le  processus  de  decomposition  thermique. 
L 'action  inhibitrice  des  stabilisateurs  ne  depend  pas  directement 
‘de  leur  capacite  d 'accepter  acider  cblorhydrique. 

L'action  inhibitrice  des  sels  d'acides  organiques  qui  sont  des 
accepteurs  typiques  d 'hydrogene  chloreux  depend  de  position 
«du  metal,  qui  entre  en  composition  du  sel,  dans  le  systeme  pe- 
^riodique  des  elements.  Des  composes  de  plomb  sont  les  forts 
inbibiteurs  de  la  destruction  thermique  du  chlorure  de  polyvi- 
nyle.  Les  composes  de  barium  et  de  son  analogue  electronique, 
'Calcium,  inhibitent  plus  faiblement  la  destruction.  Les  compo- 
ses de  zinc  et  de  son  analogue  electronique,  cadmium,  acce- 
lerentpa  decomposition  thermique.  Les  accepteurs  * typiques 
d 'hydrogene  chloreux  sont  caracterises  par  1 'elevation  de  la 
concentration  du  chi  ore  ionique  en  composition:  chlorure  de  poly- 
vinyle  et  stabilisateur  au  fur  et  a mesure  de  I'approfondissement 
de  destruction  thermique  du  polymere. 

Les  composes  d'etain  organiques  sont  les  inbibiteurs  de 
destruction  thermique  du  chlorure  de  polyvinyle.  Ils  se  distin- 
rguent  des  accepteurs  typiques  d 'hydrogene  chloreux  par  ce 
qu'au  stade  initial  de  la  destruction  de  polymere  la  concentra- 
tion de  chlore  ionique  en  composition:  chlorure  de  polyvinyle  — 
stabilisateur  organostannique  augmente  quelque  peu  et  ensuite 
diminue. 

Plusieurs  composes  organiques,  notamment  les  cetones  cy- 
'cliques  etant  des  antioxydants  inhibitent  la  destruction  ther- 
mique du  clorure  de  polyvinyle.  Leur  action  n'est  pas'lide  a 
I 'acceptation  d 'hydrogene  chloreux.  Au  chauffage  de  la  compo- 
sition: chlorure  de  polyvinyle— antioxydant,  le  chlore  ionique  et 
•covalent  lie  a Tantioxydant  ne  se  revele  pas. 

Pendant  la  stabilisation  du  chlorure  de  polyvinyle  on  trouve 
effective  Tutilisation  des  melanges  triples  contenant  les  trois 
(types  des  stabilisateurs  ci-dessus:  Taccepteur  d’hydrogene 
chloreux,  le  stabilisateur  organostannique  et  I'antyoxydant. 
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AECTPyKUHfl  nOJIH.6-KAnPOJIAKTAMA 
BCJIEflCTBHE  OBMEHHOM  PEAK^HH 
MEa(;i,y  AMHflHBlMH  CBflSAMH 

O.  B iioc^  m e p ,0-  e,  -9.  HI  u ni  m .4  e p,  II,  ^ e 0 e ?r 

(HeXOCJIOBaKHH) 


IlpenapaTHBHMM  H Ka^ecTBenHHM  HayneHneM  peaKi^HH  nepe- 
aMH/i;HpOBaHHH  BHe  aaBHCHMOCTH  OT  npo6jieMH  nOJIHMepH3ail,HH 
6-KanpojiaKTaMa  aansMa^oct  hcckojibko  asTOpOB  [1 — 4]. 

B HajneH  pa6oTe  mbi  nay^ajiH  KHHeTHKy  nepeaMHAnpoBannH 
c oco6hm  yHGTOM  He;:^aBHO  onncaHHoro  BiicbKoaKTHBHoro  KaxajiH- 
.THHecKoro  ycKopennH  nojiHMepH3au;HH  6-KanpojiaKTaMa  [5]. 
B KanecTBe  moj^gjibhoh  peaKi],HH  nepeaMHAHpoBaHHH  mh  BHSpajiM 
^ecTpyKi^HH)  noJiH-6-KanpojiaKTaMa,  c paBHOBecHon  CTaTHCTHB;e- 
CKOH  KpHBOH  pacnpGfleJieHHH,  paCTBOpGHHOrO  B N,N-;iiHai];GTHJI- 
TGKCaMGTHJIGHJlIHaMHHG.  MOH^HO  npGJ^nOJiaraTL,  nxo  npn  6OJIBJIIOH! 
cxcnGHH,  paaSaBJiGHHH  h npn  xopomGM  cojxBBaxnpyiomeM.  bjihh- 
HHH  paCXBOpHXGJIfl  paCIIl,GnJIGHHG  11,6011  Iip0H30H^i;GX  C OJi;HHaKOBOH: 
CXGnGHfcK)  BGpOHXHOCXH  HO  MGCXy  JIK)60H  CBfl3H 

Mcpa  H 0X0  B xaKOM  cjiyoaG  H y nojioMGpOB,  nofl,BGprniHXCfl  pac~ 
ii],GnjiGimio,  cpxpaHHXca  xox  >kg  xhh  kphboh  pacnpG;i;GJiGHHH. 
HaMGpGHHGM  BH3K0CXH  paCXBOpa  DpH  nOMOlI],H  KajiuSpoBOOHoii; 
KpOBOii  MO>KHO  6hJI0  KOCBGHHO  npOCHGAMXb  3a  XOflOM  pGaKAHH 
nGpGaMHAHpOBaHHH,  BGJIHOHHa,  o6paXHafl  HaHAGHHOH  CXCOGHH  no- 
jrHMGpH3ai],HH,.  yKaSHBaGX  CXGHGHB  npGBpamGHHH  npn  pGaKAHH 
nGpGaMHAnpOBaHHH,  xaK  KaK  npn: -SojiBniOM  pa36aBJiGiiHH  moh^ho- 
npaKXHOGCKH  npGHG6pGOB  CKOpOCTBIO  06paXH0H  pcaKAHH'  HG^ 
pGaMnAHpOBaHHH,  Koxopan  6bi  cnoco6cTBOBaJia  pocxy  nojin- 
MGpa. 

BcG  HGMGpGHHfl  npOBOAHJIH  npn  XGMHGpaxypG  200°  B CHGAH- 
aJIBHOM  BHCK03HMGXpG. 

Ilpn  KOHXpOJIBHBIX  OHBIXaX  C OHCXBIMH  CyXHMH  aMH^aMn  6bIJI0‘ 
HaHAGHO,  0X0  B BBlOpaHHHX  yCJIOBMHX  OHBlXa  npOMCXOAOX  JinniB. 
ooGHB  MGAJieHHaa  AecxpyKAHa  (cm.  xa6jiiiij.y).  3xy  ooghb  mgajigh- 
HyK)  pGaKn,HK)  mo>kho,  nocjiG  conocxaBJiGHna  c ocxaJiBUBiMH  po- 
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syjiBxaTaMH,  npHnacaxL  fleMCTBjjio  KOHii,eBHX  rpynn  nojiHaMHAa. 
IIpHMOH  o6MeHHOM  peaKu;HH  Me>Kfly  aMHAHHMH  rpynnaMH  b ot- 
•cyTCTBHe  ^eTOTBECfl  ’ HHHii,HaTOpOB  TaK,  KaK  axo  npe^nojiaraiOT 
KopmaK  H Opynae  [6],  no-BHA^MOMy,  BOo6iu;e  ne  nponcxoAHx 
fi  axHX  ycjiOBHHX,  HjiH  >Ke  ona  npOHcxoAHx  b o^enb  HeanaTOxejiL- 
:hoh  cxeneHH  [7]. 


AecTpyKUHH  no.maMHfla  c pasiioa  cxeneiibio  nojiHMCpiisaunii  . 
{P}  6e3  npHSaeaeBiiH  HHiii^naTOpa 


BpeMH, 

Hac.,  MHH. 

p j 

BpeMH, 
qac.,  MHH. 

’ p 

BpeMH, 
Mac.,  MHH. 

P 

0 

48,0 

0 

168,5 

0 

246,5 

3 31 

47,0 

3 00 

166,0 

3 05' 

215,0 

5 31 

44,5 

5 00 

143,5 

5 00 

206,0 

46  10 

37,0 

24  00 

95,5 

23  00 

136 , 5 

^Jifl  npii6jiH>KeHHoro  cpaBHenHH  6hjio  npoBGAeno  necKOJiBKO 
^onuxOB  AecTpyKAHH  c rHApo-^fltxH^ecKH-KOHAeHcamaoHHHMH  hhh- 
AHaxopaMH.  AffanaHOBaH  KHGJioxa  ii  aA^nanax  reKcaMexajieaAaaM- 
Monaa  OKaaHBaiox  npa  KOHAeHTpaii,HH  KapSoKcajibHux  rpynn 
^0,25  MOJi.  % OAanaKOBoe  BJiaanae,  axo  ne  cooxBexcxByex  ax  BJiaa- 
HaK)  npa  nojiaMepa3ai].Ha  G-KanpojiaKxaMa  [8]  (pac.  1).  9xo 
yKasHBaex,  axo  nepeaMHAapOBanaa  Heo6xoAaMO  OAnOBpe- 

jviennoe  npacyxcxBae  Kap6oKcaaLHHx  a aManorpynn  ajia  boah 
[7].  Boaee  MGAaenaHii  xoa  peaKAaa  npn  acnojiBsoBaiiaa  G-aMano- 
KanpOHOBOH  KacjioxH  B x.aKoa  a^e  KOHAeaxpaAaa  o6x»acHaeTca  ee 
jijioxoa  pacxBopaMOCXBK)  b pacxBope  npa  xennepaxype  peaKAaa 
a xGM  caMHM  ee  6ojiee  nasKoa  acxaHHoa  KOHi];eHxpan;aeH  b cacxeMe. 
JBHcxpoe  CHajKenae  cKopocxa  peaKii;aa  npa  acnojitaoBaHHa  re- 
KcaMexaaeHAHaMMonaaaAHnaHaxa  b KOHn.eHxpaAaa  1 moji.  % mw 
’06x»acHaeM  xeM,  axo  b xeaenae  peaKn,aa  nponcxoA^x  KOHAencaAaa 
aAanaaaxa  reKcaMexajieaaMMOHaa  ao  reKcaMexajienaAanaMaAa. 
BosHHKmaa  npa  axoM  BOAa  acnapaexca  as  pacxBopa  b cbo6oa- 
Htia  o6x>eM  BacKoaaMexpa  a xeM  caMUM  xepaexca  a«^^  AaJii>Hea“ 
.men  peaKi^aa.  Ho  pesyjitxaxaM  Bce  mojkho  cyAaxt,  axo 
peaKAaa  aAex  co  cKopocxBK)  xoro  >Ke  nopaAKa,  Kan  a raApo- 
jiaxaaecKa  aHanaapOBaiiHaa  nojiaMepa3aii,aa  6-KanpojiaKxaMa 

[9,  10]. 

' /],Jia  nojiaMepaaaicaa  G-KanpojianxaMa,  BHnojinaeMoa  b npa- 
'CyxcxBaa  ocnoBanaa,  a,  cjieAOBaxejibno,  KaxaJiasapoBaaHoro 

‘OCHOBaanaMa  nepeaMHAapoBanaa  nojiaaMaAOB  aeoGxoAnMO  npa-‘ 
<cyTCXBae  aMaAHMX  rpynn  b peaKpaoimoa  cpeAe  [5].  Bosmokho,, 
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^TO  peaKij,Ha  nepeaMH^iipoBaHHK  npoHCXo;:^HT  no  Mecxy  arax  rpynn 
no  cxeMe: 

Ri  — N — CO  — Rg  GO Ri-_N(— ) ^N~CO 

I • I .II 

CO  +N(— ) . CO  CO 

i I I + I 

R2  f R2  R3 

Bxa  peaKRHK,  no-BM^HMOMy,  hejihoxck  onent  SHCxpoii  h ne  aa- 
BHCHx  ox  xnna  coe^nnennH,  coAep>Kani;ero  HMHAHyio  rpynny^ 


0 W 20 

BpeMji  , yacbt 


Phc.  1.  rHApojiHTHHecKH-HHHij;HHpOBaHHoe  nepeaMH^Hpo- 
Banne  nojiH-6-KanpojiaKTaMa  c na^aJiBHOH  CTeneHbio  no^iH- 
MepH3ai],HH  (P),  paBHOH  164,8. 

* Q — 0,25  MOJi.%  6-aMHHOKanpOHOBoii  KHcjipTw;  o — 0,25  moji.% 
KapGoKCHjibHHX;  rpynn  aAHnHnaTa  reKcaMCTHneHaMMOHHH;  Q — . 

0,25  MOJI.%  KapOOKCHjibHbix  rpynn  a^HnnHOBOii  khcjiotu;  3 — 

1,0  MOJI.%  KapeoKCHJiBHLix  rpynn  a^HnnHaTa  reKcaMeTmiennHaM-. 

MOHHH  (P  = 434,8). 

B nainnx  onLixax  mh  ncnojibaoBajin  N,N,N',N'"Xexpaaii,exHJi- 
reKcaMexHjieH/?;HaMHH. 

CKopocTb  peaKRHH  nepeaMn;i,HpoBaHHH  onncHBaeTca  ypas- 
nenneM: 

rf[— CONH— ]p 

— ^ ^ = /C2  [-  CONH-]p  . [-  CONH  -]r 

r^e  [ — CONH — ]p  — KOHii.eHxpaiiHfl  BHyxpennnx  aMHjilHLix 
rpynn  b nojinaMn^e,  [— CONH— ]r  — KOHi],eHxpai],HH  bmhahhx 
rpynn  b xexpaaiiexHjrreKcaMexHJienAnaMHHe  n k2  — Koncxanxa 
cKopocxH  peaKRHH,  Bejinnnna  KOxopoH  aaBHcnx  ox  KOHH,eHxpaii,Hn 
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HaTpHesoH  COJIH  6-KanpojiaKTaMa.  h HMHAa.  XIpaByio  nacTB  ypas^ 
HeHHH  MO?KHO  CHHTaxB  npH  HH3KOH  cxenGHH  npeBpam,eHHfl. 
nOCTOHHHOH.  IIOGJIG  npeo6pa30BaHHH  61JJIO  yCTaHOBJIGHO,  HTO  Ka- 

caTejiBHaa  k kphbhm  cxenenH  npeBpain;eHHH  aBJinexcH  nenocpeA- 
CTBe’HHHM  noKa3axejieM  aKXHBHOcxn  KaxaJiHsaxopa  b ^auntiH  mo- 
MGHX  peaKD^HH  (pHC,  2). 

Xoj^  peaKUiHH  nepeaMHffnpoBaHHH,  KaTajiHanpoBaHHOH  ch- 
cxGMOH  HaxpueBaH  COJIB  6-KanpojiaKTaMa  — hmh;];,  HMeex 
Bcex  HGn0JIB30BaHHBIX  KOHIl,eHXpaii;HH  KaxaJIHXHHeCKOH  CHCXeMBfc 

o^HHaKOBBTii  xapaKxep  (pnc.  3). 


dpBMB , ^acbl 


Phc.  2.  SaBHCHMOCTfc  H3MeHeiiHfl  cTenemi  npeBpamenna  ox  BpeMena 
npH  nocTOHHHOM  cooTHomeHHH  MCJKAy  $yHKi;HOHaJii>HEiMH  rpynnaMH 
iiMH^a  H HaTpHeBOH  COJIH  6-KanpojiaKTaMa,  paBHOM  1 : 1,18. 

KoHneiiTpaixnn  naTpHeBoft  cojin  6-KanpojiaKTaMa  b moji.%:  l — 0,0299; 

2 — 0,0592;  3 — 0,1068;  4 — 0,2966. 


ripH  nOCTOHHHOH  KOHij,eHxpaiiHH  HaxpneBOH  COJIH  6-KanpojiaK- 
xaMa  CKopocxB  peaKH,HH  b nanaJiBHOH  cxa^HHH  pacxex  c pocxOM 
K0HH;eHTpa4HH  HMHfla  (pHC.  4).  PeaKH,HH  SaMeAJIHGTCH  TGM  3HaHH- 
TGJIBH6G,  HGM  BHHIG  COOTHOinCHHG  HMH^  : HaXpHGBafl  CO  JIB  6-KanpO- 

jiaKxaMa.  Ha  axoro  mo>kho  cyflHXB  o tom,  hxo  b tom  me  nanpaBJie- 
HHH  yMGHBinaGTCH  KaxaJIHTHHGCKaH  aKTHBHOCTB  (pHC.  5). 

EcJIH  KOHH,GHTpai3.HH  HMH;];a  OCXaGTCH  nOCTOHHHOH,  TO  XOJJ^ 
KpHBHX  CTGnGHH  npGBpaiH.GHHH  HaMGHHeXCH  np.H  yBGJIHHGHHH 
co^epjKaHHH  HaxpHGBOH  COJIH  6-KanpojiaKTaMa  b corjiacnn  c npe- 
^H^yrn,HMH  pGsyjiBxaiaMH  (pnc.  6).  HanaJiBHan  CKopocxB  poaK- 
I;HH  P63K0  paCTGX  H HpH  MOJIHpHOM  COOTHOmGHHH  HaXpHGBaH 
cojiB  6-KanpojiaKTaMa  : hmha,  paBHOM  4:1,  flOcxHraGx  MaKcn- 

MyMa.  IIpH  fl;aJiBHGHmeM  noBBunennH  KOimenxpaiiHH  HaxpHGBOH 

COJIH  6-KanpojiaKTaMa  9xa  cKopocxB  bhobb  naflaGx  (pnc.  7).  TaK 
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:«aK  MaKCHMaJiBHaa  HaaaJibnaa  CKopocxb  peaK4MH  AOCTiiraeTCH  npH 
irpocTOM  cooTHomeHHH  MGJKfly  oSeHMa  cocxaBJiflioiu^HMii  KaxajiHaa- 
xopa,  xo  MH  npe^nojiaraeM,  axo  MejKj^y  hmhaom  h naxpaeBOH 


Phc.  4.  SaBHciiMocTb  iia^ajib- 
HOH  CKOpocTH  nepeaMHflHpOBa- 
HHfl  OT  KOHI^eHTpar^HH  $yHK- 
i],HOHajii>HLix  rpynn  HMii^a  npii 
nOCTOHHHOM  COAepHtaHHH  iiax- 
pHCBOH  cojiH  6-KanpojiaKTaMa, 
paBHOM  0,2966  iviojr.%. 


8 


c; 

CJ 


Z 


D / ^ 

dDGMfl  . ^aCbl 

Pile.  5.  SaBHCHMOCTb  llBMeueHIIfl  CTOIlOlill  npOBpaiaoUHH  OT  Bpe- 
MeHIT  npH  ndCTOHHHOH  KOHI^eHTpailiHH  HaTpHeBOt  COJIH  6“KanpO- 
jiaKTaMa,  paBHOH  0,2966  moji;%. 

KoHneHTpaaiiH  rpynn  HMiiAa  (moji.%):  i — Q;  2 — 0,0253;'  3 — 0,0506; 

4 — 0,112;  5 — 0,1448;  6 —0,253;  7 — 0,506. 

-cojibK)  6-KanpojiaKxaMa  nponexoAHx  oSpaaOBauHe  KaKoro-xo  a^- 
ji;yKxa,  KoxoptiH  h HEjinexcH  aKXHBHBiM  KaxaJiHBaxopoM  nepeaMk- 
.^[^HpoBaHHfl.  HaxpHeBafl  cojib  6-KanpojiaKxaMa,  npHcyxcxByiomafl 

-384 


Phc,  3.  SaBHCHMOcri.  uaHaaBiioH  cko- 
pocTH  ^epeaMH/^HpoBa'flHH  ot  npoH3Be- 
;i;eHHH  KOHii;eHfpaii;HH  naTpHesoH  cojih 
6-KanpojiaKTaM:a  h HMH;^a  npn  hoctohh- 
jHOm  cooTHomeHHH  uemjsj  o5eHMH  co- 
. CTaBJIflFOIHIHMH. 
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0 / 2 


dpeMji , vacbf 

Phc.  6.  3aBiiciiM0CTb  HSMeiieHiiH  cxeneHii  npeBpaiu;cnii>i 

OT  BpCMOHlI  npn  nOCTOJllIllOii  KOimGHTpail,illI  ^yHKpiio- 

Hajibimx  rpynn  iiMHAa',.  paBnoH  0,0506  moji.%. 
KOHneHTpauHH  HaxpHeBoft  cojih.  6-KanpojiaKTaMa  (moji.% )o  i — - 
0,0592;:2  —0,0891;  3 — 0.1037;  4—0,1185;  5 — 0,2076;  6—0,2967;. 
> 7 — 0,4145. 


Pile.  7 . SaBHCHMOCTL  Ha^aJIbHOH  CKOpOCTH  IiepeaMJIflHpO- 
OT  KOHE^eHTpauiHH  HaTpHeBoii  COJIH  6-KanpojiaKTaMa 
npH  nocTOAHHOH]  KOHi^GHTpauiHn  $yHKu,iroHaJibHHX  rpynn 
iiMHAa,  pasHOH  0,0506  moji.%:  ' 


25  3aK.  414 
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B H36iiiTKej  oKaatiBaeT  saTeM  o6paTHOe  BJiHHHHe  h bhobb  cHH>KaeT 
HanajiBHyK)  CKopocTB  peaKii,HH. 

Hs  aaBHCHMOCTH  HanaJIBHOH  CKOpOCTH  peaK^HH  OT  KOH^eHT- 

pau,HH  o6eHX  cocTaBJiHK)iu,HX  KaTajiHsaTopa  CJieflyex  bhbos,  hto 
OTMGTJIHBBIH  MaKCHMyM  Ha  KpHBOH,  HOKaBaHHOH  Ha  pHC.  7,  ffOJI- 
HxGH  CrJia>KHBaTBCH  C pOCTOM  CO^epjKaHHH  HMHffa^  H,  HaKOHei^, 
CQBCeM  HCHGSHyTB.  BepOHTHO,  HpH  60Jiee  BBICOKOH  a6cOJlK)THOH 
KOH^eHTpa^HH  npeAHOJiaraeMoro  a^AYKxa  ero  KaTaJiHTHHecKoe 
AefexBHe  HacTOJiBKO  ycHJiHBaeTCH,  hto  MaKCHMyM  HanaJiBHOH  cko- 
POCTH  He  nOHBJIHeXCH. 

IIojiyHeHHBie  cBeAGHHH  Moryx  6bitb  HcnojiBSOBaHBi  pcry-r 

nHpOBaHHH  xoAa  nojiHMepHBaAHH  6-KanpojiaKxaMa  b npHcyxcxBHH 
KaiajiHsaxopa  ocHOBHoro  xnna,  oco6eHHO  nps  ee  xexHOJioniHe- 

CKOM.  HCn0JIB30BaHHH. 
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Summary 

The  course  of  the  cross  amidation  reaction  in  the  system  po- 
lycaprolactam — low  molecular  amide  has  been  followed  by 
measuring  changes  in  viscosity.  Conversion  curves  were  plotted 
from  data  on  the  fall  in  viscosity  of  a solution  of  the  polyamide 
in  the  low  molecular  amide  at  the  reaction  temperature.  Con- 
ventional reagents  for  the  hydrolytic  and  .catalytic  polymerization 
of  the  caprolactam  were  employed  as  catalysts. 
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Resume 

Le  dfiroulement  de  la  reaction  de  trans-ami  elation  dans  le 
systeme  polycaprolactame  — amide  a bas  pqids  moleculaire  a 
ete  etudie  d’apres  la  variation  de  viscosite.  Conformement  a 
la  baisse  de  viscosite  de  la  solution  de  polyamide  dans  I’amide 
a bas  poids  moleculaire  a la  temperature  de.  reaction  on  a cons- 
truit  des  courbes  de  conversion.  Comme  catalyseurs  s’appliquai- 
ent  les  reagents  utilises  habituellement  pour  la  polymerisation 
hydrolytique  et  catalytique  du  caprolactame. 


26* 
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HEflTPA.nH3AI^Hfl  OCTATKOB 
KATAJIH3ATOPOB  B nOJTnflHMETHJICHJIOKCAHE; 
BJIHflHHE  HEI4TPAJ1B3AHHH 

HA  TEnJIOCTOHKOCTb  nO.IIHMEPA 

M.KyHepa,  M.^ianuKoea,  M,  EAUHeK 

' (M;exocjioBaKHfl) 


Hpil  ^OJIHMepH3a^HH  HHSKOMOneKyJiapHHX  ^HKJlH^eCKHX  no- 
^IHCHJIOKCaHOB  (AeKaMeXHJmHKJIOIieHTaCHJIOKCaHa,  OKXaMeTHJimiK- 
jioxexpacHJioKcaHa,  ^eKcaMe.xHJI^HKJIOxpHCHJIOKcaHa),  b nojiiiMepe 
ocxaioxca  pcnojibsoBaHHue  Kaxannsaxopn  Kaxajiaaaxop  o6pa- 
ayex  aKxiiBHiae  ^eHxpbI,  Koxopne  ohchb  He6jiaronpHflXHO  bjihhiox 

H£V  TGIIJIOCTOHKOCTb  nOJIH^HMGTHJICHJIOKCaHa. 

Ecjiii  Ha  nojiHAHMeTHJicHJioKcaH  HJiH  Ha  npoAyKT,  npnroTOB- 
jieHHMH  H3  Hero,  BJiHHex  ocxaxoHHoe  HanpHJKeHHe  npa  bhcokhx 
xeMnepaxvpax,  xo  «5KHBHe»  aKXHBHHe  nenxpBi  b noJiHMepe  naffo 
o6e3Bpe«MXb.  Abxoph,  HsyaaBniHe  axox  sonpoc,  peKOMeHAyiox  xpii 

nyxu:  ,a 

1.  npoMBiBaHHe  noJiHMepa  Ll/iJ,  . ro  oi 

2.  HefiTpajiH3aii.Hio  ocxaTKOB  KaTaJiHsaxopoB  L^,oJ, 

3 npMMeneHHe  TepMOJia6HJibHHX  KaxajiHsaTopoB  14 J. 

Mh  saHHMajiHCb  HaMepenneM  xenaocxoHKOcxH 
CHaoKcaHOB,  HOJiyqeHHHX  HOHHOH  ^OJIHMepH3a^HeH  H coAepaca- 
™ ocTaTKn  Ka,aaH3.TopoB.  Haywai.  «enoaBMepmaUHK>  nonn-- 
AHMexHJiCHJioKcaHa  npH  xeMnepaxypax  150  h BHrae,  b BaKyyj 
Ha  B03Ayxe. 

nojiyneHHbie  peayjibxaxw  h hx  oScywACHne 

HponeccH  necxpyKAHH,  npoxenaiomHe  npH  HarpeBaHHH  nojiii- 
APMexHSnoKSaHa'^yBbicoKHX  xennepaxyp,  moh<ho  pasfleHHXb 

npH5jiH3HxejibHO  Ha  abg  rpynnH: 

Hacxy^aeTox^enHeHHe  HHSKOMoneKynHpHbix,  oSbiKHOBeHHo  ahk^ 

?h4ckhx  noinJioKcaHOB  D3  h D4.  flenoHHMepnaaAHH  HBJiHexca 

peaKAneii  CBaaeii  - Si-0  - ochobhofo  cHJioKcaHOBoro  CKejiexa. 
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2.  PeaKv^uu  decmpijKi^uu,  conpoBOKflaeMHe  rjiy6oKHMH  h3m6- 
iieHHHMH  B CTpyKType  MaKpoMOJieKyji  nojiiiMepa.  ripoi];eccBi  j^ecT- 
pyKi^HH  HBJiHiOTCH  peaKu;HHMH  yrjieBOAopoAHtix  rpynn,  CBBsan- 


Phc.  i.  XoA  nojiHMepii3aAHH  TeTpaMepa  Phc.  2.  SaBMCiiMOCTb  p^BHOBec- 
H AenojiHMepH3au,nn  nojiHAHMeTHJiCHJioK-  HOH  KpHuenTpauHH  TeTpaMepa 
cana.  TeMnepaxypa  150°;  0,01%  Bee,  ot  xeMnepaxypH. 

KOH. 

1 — noJiHMepnaaipm;  2 — nenojiHMepHsaiBiff. 

TaMeTHJiAHKJiOTexpacHJiOKcaHa  — paBHOBecHan.  Xoa  oOewx  koh- 
KypnpyioniHX  peaKAHH  naoSpajKen  na  pnc.  1. 

SaBHCHMocTb  pasHOBecHOH  KOHii;eHTpaii,HK  TexpaMepa  ox  xbm- 
nepaxypH  noKasLiBaex  pnc.  2.  HecMoxpn  Ha  xo,  hxo  mh  npoHSBO- 
AHjiH  HSMepenne  npn  oxHocnxejiBHo  hh3khx  xeMnepaxypa^^^,  mojk- 
Ho  saMexHXb  pesKoe  noHn^Kemie  paBHOBecHon  KOHAeHxpan,HH  no- 
jiHAHMexHJiCHJiOKcana  c xeMnepaxypoH.  Ilpn  xeMnepaxypax  CBtime 
175°  nojiHAHMexHJiCHJiOKcan  mo5kho  hojihoctbio  A^nojinMepiiao- 
Baxb  Aa)Ke  noA  axMOC(J)epHHM  AaBjieHneM.  OxcactiBaH  npoAyKX  pe- 
aKIJiHH,  M05KHO  AOCXHHB  XOIO  WG  CaMOXO  B^^GKXa  HpH  XeMHOpa- 

xypax  6ojiee  hiiskhx,  ‘ 
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CKopocTb  AenojiMMepH3aii;HH  saBHCHT  Boo6iij,e  ox  TeMnepaxypLi 
H KOHu;eHxpau;iiii  npncyxcxByioinHX  b noJiHAHMexHJiciiJiOKcaHe  aK- 
THBHBIX  I];eHXpOB  [5]. 

Ha  npHBeAeHHoro  bhaho,  hxo  Aan^e  o^ienb  Majioe  kojihhgcxbo 
Bem,ecxB,  cnocoSHMX  BoaAencxBOBaxb  Ha  CHJioKcaHOByio  cbh3b, 
Hapyniaex  cxohkocxb  nojiHAHMexHJiCHJiokcaHa  no  oxHoineHHio  k ag- 
nojiHMepH3aij,Hii. 

riOJIHAHMGXHJICIIJIOKCaH,  HpaKXHHGCKH  HG  COAGp>Kam;im  aKXIIB- 
IIBIX  AGHXpOB,  OHGHB  CXaSHJIGH,  KBK  AOKasaJI  JIbIOHC  [9,  10]. 

Hpii  HayHGHiiH  KHHGXHKH  noJiHMepH3aii,HH  xGxpaMGpa  [5—7] 
6hjIO  yCXaHOBJIGHO,  HXO  HGKOXOPBIG  BGlAGCXBa  CnOCo6HBI  HGHXpa- 
JIHaOBaXB  aKTHBHBIG  AGHXpBI.  TaKHMII  COGAHHGHHHMH  HBJIHIOXCH, 
HanpHMGp,  KHCJIOXBI. 

J\jlK  OAGHKH  3(|)$GKTPIBHOCXH  HGHXpaJIHaapHH  aKTHBHBIX  H;GHX- 
POB  6biJIH  H3MGPGHBI  nOXGpiI  B BGCG  HOJIHAHMGXHJICHJIOKCaHOB,  Ha- 

rpGBaBiHHxcH.  B npiicyxcxBHH  B03Ayxa  AO  270°.  Phc.  3 noKaaBiBaex 

3aBHCHMOCXB  HOXGpB  B BGCG,  H3MGpGHHBIX  HpH  HarpGBaHHH  HGHXpa- 
jiHaoBaHHBix  o6pa3i];oB  noJiHAHMexHJiCHJiOKcaHa,  ox  bpgmghh. 

HGCXa6HJIH3HpOBaHHBIH  nOJIHMGp  AOnOJIHMGpiiaHpyGXCH  OHGHB 
Sbicxpo,  HGMHOrO  60JIGG  CXaOnjIBHBIM  HBJIHGXCH  HOJIHAHMGXHJICH- 
JIOKCaH,  B KOXOpOM  aKXHBHBIG  AGHXpBI  6bIJIII  HGHXpajIHaOBaHBI 
CO2,  cpaBHHTGJiBHo  Majiyio  noxepK)  b bgcg  a^^JI  nojiHMep,  cxa6ii- 
JIH3HpOBaHHOH  6gH30HH0H  KHCJIOTOH.  HaMGpGHHG  HOTGpB  BBGCG 
HG  AOCXaXOHHO  A^IH  OAH03HaHHOrO  OnpGABJIOHHH  CXaSnJIBHOCXH  no- 
JIHAHMGXHJICHJIOKCana.  HeKOXOpBIG  KpiIBBIG  Ha  piic.  3 KOHHaiOXCH 
mxpHXOBOII  JIHHHGH.  CnJIOHIHOH  JIHHH6H  0603HaHGHBI  XOJIBKO  XG 
npOMGHCyXKH  BpeMGHH,  B XGHGHHG  KOTOpHX  HOJIHMGp  OCXaBaJICH 
paCXBOpHMBIM  II  II3MGHGHHGM  GXO  MOJIGKyJIHpHOXO  BGCa  MO>KHO  6bIJIO 
npGHGOpGXaXB.  nixpiIXOBOH  JIHHHGH  o6o3HaHGHLI  OXpG3KH,  B KO- 
XOpBIX  MOJIGKyJIHpiIBIH  BGC  nOJIHMGpa  3HaHHXGJIBH0  yBGJIHHHBaJICH 
BHJIOXB  AO  XGJIGoSpaaOBaHHH  HOJIHMGpa.  B npGAOJIBHOM  CJiynaG 
nacxynajio  hojihog  okhcjighhg  yrjiGBOAopoAHBix  saMGCxHXGJiGii  y 

KpeMHHH;  npil  3T0M  6bIJI  nOJiyHGH  HOJIHMGp  CXGKJIOo6pa3HOH  CXpyK- 
xypBi. 

B IIHGpXHOii  aXM0C$6pG  HJIH  B BBKyyMG  HGHTpaJIH30BaHHBIG  HO- 
JIHMepBI  OHGHB  CXaSlIJIBHU.  Ha  pHC.  4 npiIBGAGHLI  pGayjIBXaXBI 
OHLIXOB  CO  CMGCBIO  HOJIHMGpOB.  IIOJIHAHMGXHJICHJIOKCaH,  HpHrO- 
XOBJIGHHBIH  Hpil  HOMOIAH  KOH,  6lIJI  CMGHiaH  C HOJIHMGpOM,  HpH- 
rOXOBJtGHHBIM  HpiI  HOMOIAH  H2SO4,  XaKHM  o6pa30M,  HX06lI  HX  aK- 
THBHBIG AGHXpBI  SbIJIH  HGHXpaJIHaOBaHBT.  Oxy  CMGCB  HarpGBaJIH 
HOA  AaBJiGHHGM  10'“^  MM  AO  XGMHGpaxypBi  350°.  flo^ojiHMGpHaa- 
AHH  6BIJia  nOJIHOCXBK)  HOAaBJIGHa. 

2.  CbH3H  MGJKAy  OTAeJIBHLIMH  aXOMaMH  B yXJIGBOAOpOAHBlX  33- 
MGCXHTGJiaX,  CBHSailHBIX  C KpGMHHGM,  HMGIOT  XapaKTGp,  OXJIHHa- 
loiAHHCH  OX  xapaKXGpa  CHJiOKcaHOBoii  cbh3h.  OAHaKO  HG5ojiBmaH 
nOJiapHOCTB  CBH3GH  C — H BBI3BIBaGX  HX  SoJIBHiyiO  pGaKAHOHHO- 
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PhC.  3.  SaBHCHMOCTL  HOTepH  B BGCG  OT  BpeMCHH  BpH  ffenO- 
jiHMepHsauiHii  nojiHAHMeTHJiCHJiOKcana.  TeMnepaxypa  270°, 
TOJimHHa  CJIOH  nOJIHMepa  1 mm,.  KOHI];eHTpaii:HH  aKTHBUHX 
• ij;eHTpOB  B noJiHMepe  1,75  MMOJiblKe. 

1 — HecTaGHjiiianpoBaHHUM;  2 — cTaOnjinsHpOBaHHtiM  CO2 
3 — cTaGnjiHBHpoBaHHLiii  5 Bee.  % GensoiiHoii  kucjiotbi. 


PllC.  4.  SaBHCHMOCTB  HOiepH  B BeCG  HeHTpaJIHBOBaJlHOrO  (H2SO4) 
' nOJIHAHMGTHJICHJIOKCaHa  OT  BpGMGHH. 
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cnoco6HocTb  iipii  KOHTaKTe  c pa- 
;a,HKajiaMH.  B cpeji;e,  o6pa3yiom,eH 
pa^HKajiH,  HacxynaiOT  rjiy6oKHe 
nepeMGHH  B CTpoeHHn' aaMecin- 
Tejien;  b npncyTCTBHH  KHCJiopbflia 
HacTaex  hx  nacTH^Hoe  h hotom 
coBepmeHHoe  okncjieHne.  HsMe- 
HGHHe  cxpyKTypH  yrJieBOAopo;:^- 
HMX  rpynn  Be^ex  b 6oJibniHHcxBe 
cjiy^aeB  k HSMenenHio  cxpyKxypH 
MaKpoMOJieKyji  nojiuAHMexHjiCH- 
JiOKcaHa.  IlepBOHaHajibHo  jiHHen- 
Haa  MaKpoMOJieKyaa  pasBexsaa- 
exca. 

J]|ecTpyKii;HH)  noanAHMexHacH- 
aoKcaHOB  Ha  B03ji,yxe  Hayaaan 
HecKoabKo  aBxopoB  [11,  12]. 
HaMH  6HaH  HccaeAOBaHH  HSMene- 
HHa  noaHMepa,  nacxynaioiaHe  bo 
BpeMfl  ;i;ecxpyKD;HH.  B KaaecxBe 
Hanboaee  HHxepecHoro  ^aaxopa 
6Hao  BbrSpaHo  onpe^eaGHHe 
cxpyKxypH  noaHAHMexnacnaoK- 
cana,  Koxopoe  Morao  Gbixb 
H3yaeH0  cpaBHHxeabHo  aerKo 
HBMepeHHGM  MoaGKyaapHHX 

BGCOB. 

Phc,  5 noKasbiBaGT  saBHCH- 

MOCTb  H3MGHGHHH  MOaGKyaapHHX 
BGCOB  pasaHHHO  CXa6HaH3HpOBaH- 
: HHX  nOaHAHMGTHaCHaOKCaHOB  ox 
BpGMGHH  npn  HarpGBaHHH  Ha  B03- 


npH  XGMHGpaxypG  270®. 
y HGCxabnaHSHpoBaHHoro  no- 


Phc.  5.  SaBHCHMOCTB  MoaeKyaapHoro  aH^HMGxnaCHaoKCaHa  BHGpBbiG 
Beca  noanaHMeTHacHaoKcaHa  ot  Bpe-  Ha6aiofl;aaoCb  OHGHb  pG3KOG  no- 

HHHCGHHG  MOaGKyaapHblX  BGCOB. 
J — CTaCiwra3E|pOBaHHHft  TpHxaopyKcycHOii  9x0,  nO-BHfliHMOMy,Bbr3BaHOrHJi;- 
KHCJiOTOft;2— CTa6HJiH3HpOBaHHHfi  ^^Hxaop*  poaH30M  CHaOKCaHOBbIX  CBHSGH 
yKcycHOli  BHcaoToft;  3 — CTaeHjmsnpo-  nGHCTBHPM  KflxaaHqflTnTia  w 

BaHHMfi  MOHoxaopyKcycHoli  KHcaoTofi.  ^ ^ „ Kaxaanaaxopa  H 

npHMGCGH,  OCXaiOmHXCa  B HOaH- 
MGpG.  ‘SaBHGHMOCXb  MoaGKyaap- 
Horo  BGca  ox  bpgmghh  y noaHAHMGxnacHaoKcaHa,  cxaSnansHpo- 
BaHHOrO  6gH30HH0H  KHCaOXOH,  HOHXH  HG  HSMGHHGXCH. 

IIocaG  flocxHJKGHHa  MHHHMyMa.  MoaGKyaapHBie  BGca  nsMGpa- 
GMblX  HOanMGpOB  CHOBa  P63K0  yBGaHHHBaiOXCa  (pnc.  5).  IIOBHmG- 
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HHe  MOJieKyjiapHHx  secoB  BHSBano  OKHCJieHHeM  MexHjiBHLix  rpynn 
H oSpaaoBaHHeM  paBBexBJieHHOH . hjih  cex^axoi  cxpyKxypu.  Cko- 

POCXB  OKHCJieHHH  OnpGAejieHa  yrJIOBHM  K03(J)(J)HIi;HeHX0M  KpHBUX 

(pnc.  5),  H3o6pa>KaK)mHX  saBHCHMOCXb  MOJieKyjiHpnoro  Beca  ox 
BpeMeHH.  9xa  CKopocxb  nocjie  MHHHMyRia  OAHHaKOBa  y nojiH- 
MepOB,  . CXa6HJIH3HpOBaHHHX  AByOKHCblO  yXJiepOAa,  6eH30HH0B 


Mon.BeC'iO^ 


Phc.  6.  CTa6HJiH3aAHH  npH  noMOiAH  A1(0H)8,  SaBHCHMOCTL 
noTept  B Bece  H MOJieKyjiapHoro  Beca  CTa6HJiH3HpOBaHHoro 

nojUTAHMexHJiCHJiOKcaHa  ot  BpeMenii. 

1 — nojiHMep  (16%  TerpaMepa),  coRepjKaranft  1,75  MMOJib/rtz  cHjia- 
HOnbHHx  aKTHBHUx  ucHTpOB  (KaxajiHBaTop  KOH);  2 — nojiHMep 
(5%  TexpaMepa),  coaepJKamnft  npHOJrasHTejitHo  5 MOJit/KZ  chjihji- 
cyjib$aTHiJx  aKTHBHux  aeHTppB  (KarajiHsaTop  H2SO4). 


KHCjioTOH  H y HecTa6HJiH3HpoBaHHoro  nojiHMepa.  HHKaKon  h3  bthx 
«CTa6HJiH3aTopoB»  He  flaeT  HaHMeHtmero  aHxnoKHCJiHTejiBHoro 
3(J)(J)eKTa. 

HeoSHKHOBeHHo  6HCTpHe  HSMeneHHH  CTpyKxypH  nojiH^HMe- 
THjiCHjioKcaHa  6hjih  ycxaHOBJieHH  y CMecefi  nojiHMepoB  (nojiHMep, 
npnroxoBJieHHHH  npH  noMomn  KOH,  6hji  CMeman.c  nojiHMepoM, 
npnroxoBJieHHHM  npn  noMomn  H2SO4,  xaKHM  oSpaaoM,  hxo6h  an- 
XBBHHe  n;eHxpH  6hjih  KaK  pa3  HefixpajiHaoBaHu).  OKHCJienne 
3xoro  o6pa3^a  Hacxynaex  xaK  6HCxpo,  hxo  nepes  nac  npn  270* 
noflHMep  noflHocxbio  HepacxBopHM.  Hepes  2 naca  nojiHMep 
CBOHM  BHeraHHM  BH^OM  H CBOHCXBaMH  6hJI  HOXOJK  Ha  XpyH- 

Koe  cxeKJio  (3x0  yKasHBaex  na  nojiHoe  OKHCJieHne  aaMecxnxejieS 

y Si). 
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; BhJIO  yCXaHOBJieHO,  HTO  CKOpOCTb  OKHCJieHHH  HBJIHeTCH  $yHK- 
n;HeH  nocTOHHHofi  flHCCon,Hai];HH  khcjiotbi,  npHMeHeHHoii  ^jih  Heia- 
TpaJiH3aii;HH.  Ha  pnc.  5 noKaaaHLi  HSMeneHHH  MOJieKyjinpHBix 


Mon.  6ec- 10'^ 


0 k 8 ^2  fS  ZD 

r.  ^OCbt 


V a \ 

I 

Phc.  7 a,  6.  SaBHCHMOCTb  MOJicKyjiflpHoro  Beca  (a)«H  noxepB  b Becej 

1 — nojiHMep  (16%  TCTpaMcpa) ' HecTaOiiJiHSfipOBaiiHbiH,  coflep/Kaiipi^  MMOJlb|K^ 
PecnyOJiHKii;  3 — noJuiMep  ICI  ToproBOtt  MapKii  E — 300;  4 — nojniMep  $HpMbi  BaKcp, 

6HJIH3HpOBoHHMtI| 

BGCOB  B saBHCHMOCTH  OT  BpeMGHH  y o6pa3Ii;OB  nOJIHAHMGTHJICHJIO- 
KCana,  CTa6HJIH3HpOBaHHOrO  XJIOpyKCyCHHMH  KHCJIOTaMH. 

Kan^excH,  ^xo  cjig^bi  khcjiox,  Koxoptie  ocxajiHCb  nocjie  neiixpa- 
JIH3ai];HH  CBoSoAHHMH,  O^GHb  aKXHBHO  y^aCTByiOT  B KaXHOHHOM 
KaxajiH3e  okhcjighh^  yrjieBOAopoAHHX  rpynn.  Onenb  xopomne 
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peayjiLTaxLi  6hjih  ^ocTHrHyxH  npH  Heiixpajinaai^iiii  aKxiiBHHx 
n;eHxpoB  b nojiHAiiMexHJiCHJioKcaHe  npH  noMomii  aM^oxepHux 
rHApooKHceii  xHna  Al(OH)3.  Phc.  6 noKaatiBaex  noxepii  b bccg  ii 
iiaMeneHHH  MOJieKyjiapHLix  bgcob  b aaBHCHMOCxii  ox  bpgmghh  y 
IIOJIHAHMGTHJICHJIOKCaHa  CO  mGJIOB^HLIMH  H KHCJIOXHBIMH  aKXHBHbl- 
MH  i];eHTpaMH  (o6a  nojiHMepa  CTa6HJiH3HpoBaHBi  npa  noMoraii 
A](0H)3). 

Phc.  7 noKasBiBaeT  aaBHCHMOCTb  nBMeHCHmi  MOJieKyjiHpuHx 

BGCOB  OX  BpGMGHH  H HOXGpH  B BGCG  paSJIHHHIiIX  HOJIHAHMGXHJICH- 
JlOKCaHOB. 


(6)  paajiiniHLix  o6pa3ii,oB  nojiiwiMeTiurcHJiOKcaHa  ox  BpeMemi 

cnjiaHOJibHux  aKTiiBHUx  i^eHTpoB;  2 — nojiiiMcp  113  repMancHOil  AeMOKpaTiiBecKoi’i 
TOproBOH  Mapmi  «SilikonkaiitschukpoJymer»;  6 — nojiiiMep  CKT;  6 — iioaiiMep  i,  cxa- 
5%  A1(0H)3. 
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Summary 

It  has  been  known  that  the  thermal  stability  of  polydime- 
thylsiloxane  is  adversely  affected  by  the  preserice  in  the  siloxane 
polymer  of  active  chain  ends  (i.  e.  by  residual  catalyst).  The 
presence  of  catalyst  causes  the  degradation  reactions  to  proceed 
through  ionic  mechanism  (as  opposed  to  the  free-radical  me- 
chanism typical  of  the  degradation  of  the  «pure»  polymer).  Since 
ionic  reactions  take  place  at  temperatures  at  least  100°  C be- 
low those  of  free-radical  reactions,  the  thermal  stability  is  thus 
strongly  impaired. 

Degradation  reactions  occuring  in  polydimethylsiloxane  when 
exposed  to  elevated  temperatures  fall  roughly  into  two  groups: 
1.  depolymerization,  i.  e.  the  reaction  involving  the  cleavage  of 
the  siloxane  links  and  2.  degradation  proper  resulting  in  deep 
chemical  changes  in  the  chemical  structure  of  the  polymer  (i.  e. 
reactions  involving  carbon  substituents  on  the  Si-atom,  their 
splitting-off,  oxidation,  etc). 

Depolymerization  of  polydimethylsiloxane  at  temperatures 
of  150°  C and  higher  has  been  studied  in  vacuo  and  in  air.  The 
rate  of  depolymerization  was  followed  quantitatively  by  means 
of  weight  losses;  changes  in  the  molecular  weight  indicated 
changes  in  the  structure  of  the  polymer. 

The  dependence  of  the  rate  of  depolymerization  of  polydi- 
methylsiloxane on  the  catalyst  (KOH)  concentration  in  the  poly- 
mer has  been  measured.  It  has  been  found  that  the  residual  ba- 
sic catalyst  can  be  neutralized  by  acids.  The  neutralized  poly- 
mer is  characterized  by  a high  resistance  to  depolymerization. 
The  kind  of  acid  used  for  the  neutralization  of  the  polymer  has 
a strong  influence  on  the  resistance  of  substituents  toward  high 
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temperature  and  oxidative  atmosphere.  Phenol,  benzoic  acid, 
H2SO4  and  HsP04  suppress  the  depolymerization  almost  entirely, 
but  strong  mineral  acids  decrease  considerably  the  resistance  of 
substituents  toward  oxidation. 

It  has  been  found  that  very  advantageous  stabilizing  pro- 
perties are  displayed  by  hydroxides  of  the  Al(dH)3  type.  The 
amphoteric  nature  of  these  hydroxides  makes  them  suitable  for 
stabilization  of  polydimethylsiloxane  produced  by  anionic  as 
well  as  by  cationic  polymerization. 


Resume 

On  sait  que  la  stabilite  thermique  du  polydimethylsiloxane 
est  influencee  negativement  par  les  fins  actives  de  la  macro- 
molecule du  siloxane  (les  residus  du  catalyseur  avec  lequel 
on  a effectue  la  polymerisation).  Sous  Paction  du  catalyseur  les 
reactions  destructives  qui  s’effectuent  dans  le  polymere  «pur» 
par  le  mecanisme  radicalair  prennent  plutot  1 ’aspect  des  reac- 
tions ioniques.  Puisque  les  reactions  ioniques  s’effectuent  aux 
temperatures  d’au  moins  100°  C plus  basses  que  les  reactions 
radicalaires,  la  stabilite  thermique  du  polymere  diminue  rapi- 
dement. 

Les  reactions  destructives  qui  ont  lieu  pendant  le  chauffage 
du  polydimethylsiloxane  aux  hautes  temperatures  peuvent  etre 
divisees  en  deux  groupes:  la  depoiym4risation  (c’est-a-dire  la 
reaction  de  la  liaison  siloxanique)  et  la  reaction  destructive  pro- 
pre,  qui  a pour  consequence  des  changements  profonds  dans  la 
structure  de  la  macromolecule  du  polymere  (c’est-a-dire  la  reac- 
tion des  substituants  hydrocarbures  du  Si  — leurs  fissions  ou 
oxydation). 

On  a etudie  la  depPlymerisation  du  polydimethylsiloxane  aux 
temperatures  de  1 50°  Get  plus  hautes,  dans  le  vide  etal  air.  Lavi- 
tesse  de  la  depolymerization  a ete  mesuree  quantitativement  par 
les  pertes  en  poids,  les  changements  du  poids  moleculaires  ont 
ete  employes  comme  le  critere  des  changements  de  la  structure 
du  polymere.  , , , . 

On  a mesure  la  dependence  de  la  vitesse  de  la  depolymerisa- 
tion du  polydimethylsiloxane  sur  la  concentration  du  catalyseur 
(KOH)  dans  le  polymere.  On  a trouve  qu’on  pent  neutraliser  les 
residus  du  catalyseur  alcalin  avec  des  acides.  Le  polymere 
neutralise  pbssede  une  excellente  resistence  centre  la  depoly- 
merisation. L’acide  utilise  pour  la  neutralisation  a une  grande  in- 
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fluence  sur  la  resistence  des  substituants  contre  I ’influence  des  tem- 
peratures elevees  ou  de  1 ’atmosphere  oxydative.  Le phenol,  I’acide 
benzoique,  H2SO4,  H3PO4  arretent  la  depolym^risation  pratique- 
ment  entierement,  mais  les  acides  mineraux  forts  diminuent  la 
resistence  des  substituants  a I’oxydation. 

On  a trouve  que  les  hydroxydes  du  type  A1(0H)3  out  un  effet 
stabilisateur ' tres  avantageux.  Le  caractere  amphotere  de  ces 
hydroxydes  permet  de  stabiliser  le  polydimethylsiloxane  pre- 
pare par  la  polymerisation  anionique  ou  cathionique. 

La  stabilite  thermique  du  polydimethylsiloxane  stabilise 
avec  A1(0H)3  ^ ete  comparee  avec  celle  du  polymere  prepare 
avec  H2SO4  qui  a ete  decompose  apres  la  polymerisation  par 
chauffage  aux  temperatures  elevees. 
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TEPMOOKHCJlHTEJIbHAfl  J];ECTPyKIl,Hfl  nOJlJlSOHPOB. 
HSyHEHHE  ^ECTPyKTHBHblX  PEAKI^HH 
HEKOTOPtlX  THHOB  JIHHEHHtlX  nOJIHaOHPOB 

H.raMspti^  0»  M Aeunen,  Jl.  Ill  vt  ti  m e 

(^eXOCJIOBaHHH) 


npo6jieMa  peaKi^HH  aGCTpyKii;Hii  KOHjaieHcai^HOHHHX  nojiiiMe- 
poB  Hay^ena  cnx  nop  ropaa^o  Menbine,  neM  y ocTajibHHX  th- 
noB  MaKpoMOJieKyjiflpHHX  coeAnneHnn.  PaGoxLi,  pny6jiiiKOBaHHHe 
B oSjiacTH  nojiHa{j)HpoB,  KacaiOTcn  rjiaBHtiM  o6pa30M  TepMn- 
necKOH  H (|)OToxiiMHnecKOH  AecTpyKii;HH  [1—6,  cm.  cclijikii  b 7 

H 8]. 

Ham  j^OKJiaA  hejihgtch  nacTtio  nepsoro  OTACJia  oSiDiipuoii 
pa6oTLi,  nocBam^ennoH  xepMOOKHCJiHTejibHOH  ii  TepMunecKoii  ^e- 
cxpyKn,HHM  nojiHa(J)HpoB  n ajiKHAHHX  cmoji.  I^ejibio  axon  paSoxM 
6biJio  nojiyaenne  AannHX  o XHMnnecKnx  peaKn,Hflx,  nponcxoAHmiix 
B nojniacj^npax  noA  BJiHanneM  noBEimennoH  xeMnepaxypbi  h khc- 
JiopoAa. 

B axoH  HacxH  MH  npiiBOAHM  aaKJiiOHeHiiH  h peayjibxaxbi,  cjie- 
Ayion^ne  na  anajinaa  Jiexynnx  npoAyKXOB  xepMOOKucjiHxejibHon 
AecxpyKAHH  nexnpex  xhhob  jiHnenHbix  nojiHa(j)HpoB:  rjiiiKOJib- 
(|)xajiaxa,  rjiHKOJibMajienHaxa,  rjiHKOJibaAnnnHaxa  ii  rjiHKOJibce6a- 
AHHaxa.  06pa3ii;H  axnx  noJiH9(|)HpoB  noABeprajin  bjihhhhk)  xgm- 
nepaxypH,  paBHoii  200,  250  n 300°,  b nocxoannoM  noxoKe  BoaAyxa, 
B HHxepBajiax  MOKAy  4 ii  200  aacaMii.  Onbixbi  npoBOAHJiii  b anna- 
paxype,  naroxoBaennon  cneAHaabHo  a^ih  axon  i3;eaii.  Jlexyane 
npoAyKXH,  o6pa3yion],Heca  b xeaenne  A^cxpyKAHH,  yaaBaiiBaan  b 
nexbipex  cxynenax: 

I.  CoeAHHeHHa,  KOHAencnpyion^Heca  ' ao  +15°. 

II.  CoeAHHeHiia,  KOHAencnpyiomHeca  ao  —70°. 

III.  ^ByoKHCb  yraepoAa,  oSpaayion^aaca  b npoii;ecce  Aecxpya- 

Aiiii. 

IV.  Okhcb  yraepoAa,  oSnapyjKHBaeMaa  nocae  OKncaeniia  ao 
AByoKHCH  yraepoAa. 

Ilocae  Ka>KAoro  onbixa  onpeAcaaaii  noxepn  b sece  o6pa3n,a. 
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ripoAyKTBi  ji;ecTpyKn,Hii  nepBHX  Asyx  cxyntoeH  nocjie  iix  o6x>e' 
anajiHSHpOBajiHCb  MeTO^OM  xpOMaTorpa(|)Hii  Ha  6yMare. 
KpoMe  Toro,  THTpoBanneM  onpe^ejinjiii  kojih^bctbo  AByoKHCH  yr- 
jiepOAaj  OKHCH  yrJiepoAa  h boah,  o6pa30BaBinHxcH  b TeneHiie 
ji;ecTpyKAiiH.  XpoMaxorpa^HHecKHH  anajiiis  BRJiro^iaji  KanecTBen- 
HyK)  HAfeHXII(]^HKan;HK)  H KOJIHHeGXBCHHOe  OnpeABJIGHHe:  MOHOKap- 
6OHOBHX  H AHKap6oHOBHX  KHCJIOT  B $OpMe  HX  3XHJiaMHHOBHX 
€OJieH,  KapSoHHJIBHHX  COeAHHeHHH  B (|)OpMe  2,4-AHHHXpO(|)eHHJirnA- 
.pa30H0B,  H axHJieHrJiHKOJiH.  KoJiHB:ecxBeHHiiiH  aHajiH3  611IJ1  bli- 
eojiHCH  npH  noMoiAH  cnen,HajibHo  MOAH(j[)Hn;HpoBaHHoro  perncxpii- 
pyK)m;ero  MHKpo(|)oxoMexpa  H3MepeHHeM  CBexoiipoHHn;aeMOCTH  (j[)o~ 
Torpa4)iiHecKHx  neraxHBOB  xpoMaxorpaMM.  noApo6Hoe  oniicaHHe 
npnroxoBJieHHH  ii  cxaHAapxuBaAHH  o6pa3i];oB,  npiiMeHeHHoii  3Kc- 
nepHMGHxajibHOH  xgxhhkh,  a xaKHce  11  anajiHTH^ecKHX  MexoAOB  ir 
Hx  pesyjibxaxoB  6yAyT  ony6jiHKOBaHH  oxAeJibHO, 

PeayjibxaTbi 

BmJIO  yCXaHOBJIGHO,  BTO  B XenGHHe  XepMOOKHCJIHXejIbHOH  A®- 
CXpyKAHH  H3  Bcex  HByHGHHblX  XHHOB  nOJIH3$npOB  BHABJIHIOXCH 
MOHOMepHHG  COCXaBHLie  HaCXH  (sTHJieHrJIHKOJIb.H  COOXBexCTByiOIAHe 
KHCJioxH,  iiJiH  5Ke  HX  aHrHApHAH),  (|)opMajibAerHA,  yKcycHbiH  ajib- 
AerHA,  MypasbHHaH^  KHCJioxa,  yKcycHaa  KHCJioxa,  AByoKHCb 
yrjiepoAB,  OKHCb.yrjiepoAa  h boab.  KpoMe  3xhx  BemecxB  b npoAyK- 
xax  ABBxpyKAHH  Bcex  HexHpex  thhob  iiojiH3(|)HpoB  6brjiH  oSnapy- 
jKeHM  coeAHHeHHfl,  coABpHcamiie  necKOJiBKO  ^yHKAHonajibHbix 
rpynn,  a HMenno,  CO,  OH,  COOH  b pasjiHHHHX  KOMSnHaAHHx 
{oKcnaJibAerHABi,  okchkhcjioxh,  aJibAerHAOKHCJioxH  h aP*)j 
3XH  Bem;ecxBa  ne  Sbijih  xohho  HABHXH^HAHpoBaHH. 

KpoMe  xoro  b npoAynxax  ABCxpyKAHii  rjiHKOJibaAHHHHaxa  n 
rjiHKOJibce6aii;HHaxa  6brjiH  o6Hapy>KeHi>i  khcjioxh  h ajibAerHAti 
C3 — G0.  CneD;H(j[)HHecKHMH  npOAyKxaivm  pacnaAB  HBJiaexcfl  i3;hkjio- 
neHxaHOH  y rJiHKOJibaAHnnHaxa,  6eH30HHaa  KHCJioxa  y rJiHKOJib- 
(j)TajiaTa  H coeAHHeHHH,  HMeiomHe  BHcmee  hhcjio  axoMOB  yrjiepoAB 
II  coAep>Kaiii;ne  HecKOJibKO  (J)yHKi];HOHajibHHX  rpynn  y rjiHKOJib- 
ce6ai];HHaxa. 

KanecxBeHHUH  cocxaB  npoAyKxoB  ABCxpyKAHH  jinnib  HeMHoro 
H3MeHHeTca  c EBMenenneM  xeMnepaxypu  n npoAOJi>KHxejibHocxH 
OHHxa.  IIpH  Bcex  npHMeneHHHX  xennepaxypax  11  a«5ib  Bcex  nnxep- 
BajioB  BpeAiGHH  6lijio  o6HapyH;eHo  npncyxcxBne  6ojibinHHCXBa  bh- 
menpHBeABHHbix  npoAyKXOB  ABCxpyKAHH.  OxKJioneHHH  ox  axoro 
npaBHJia  CKasbiBaioxcH  b xom,  hto  neKOxopbie  Beni;ecxBa  o6pa3y- 
H)TCH  siumh  npii  6ojiee  hh3Khx,  hjih  xoJibKO  npn  BHcmHX  xeivine- 
paxypax,  hjih  >Ke  npn  Bcex  ncnojibayeMHX  xennepaxypax,  no 
xoJibKO  .Ha  nanajibHbix  cxaAHHX  ABCxpyKAHH.  IlepBbiH  cjiynan  npeA- 
cxaBjien  niHKJionenxanoHOM,  oSpaayiorAHMCH  h3  rjiHKOJibaAHnii- 
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naxa  tojibko  npn  300®.  TaK>Ke  ajiL^erHAH  C3— Cq  oOpasyioxcH  ns 
rjiiiKOJn>ce6aii;iiHaTa  Jiiinifc  npH  xeMnepaxypax  200  h 250®.  C Apy- 
roH  CTopoHH,  6hji  oOnapyjKeH  aTHJienrJiHKOJib  y Bcex  o6pa3D,OB, 
c HCKJiiOHeHneM  rJinKOJiB^Tajiaxa,  npeHMymecTBeHHo  b Te^enne 
nepBHX  HHxepBajioB  BpeMenn  npn  Bcex  TeMnepaxypax. 

PasjiHHHe  MejKAy  oxAejibHUMH  xnnaMH  nojina^npoB  oOnapy- 
H^HBaexcH  6oJiee  OTnexjniBO  npn  ou,eHKe  KOJinnecTB  yjiOBJieHHbix 
npoAyKTOB  AecTpyKAHH  B aaBHCHMOCTH  ox  BpeMeHH  H TeMnepaxypbi. 
C KOJIHHeCTBeHHOH  XOHKH  SpeHHH,  OCHOBHHMH  HpOAyKXaMH  A^CX- 
pyKAHH  HBJiHioxca  MOHOMepH,  AByoKHCB  yxjiepoAa,  OKHCB  yrjie- 
poAa  II  BOAa.  SaBHCHMocxb  hx  KOJiaaecxBa  ox  BpeMeHH  h aaBHCHMocxb 
noxepii  Beca  ox  BpeMenn  aji^  Bcex  xeMnepaxyp  H3o6pa>KeHM  Ha 
piic.  1.  CoAapJKaHiie  boabi  b npoAynxax  AecxpyKn,HH  mh  onpeAe- 
jifljiH  KOJiHHecxBeHHO  jiHiHb  HpH  300®  B xeaeHHe  4 nacoB.  Peayjib- 
xaxBi,  HOJiyaeHHHe  ajih  Bcex  nojiH3$HpoB  npHseAeim  b xa6ji.  1. 


KojiH^ecTBO  BOAw,  oSpaaoBaBiiieiicfl  npn  AecTpyKAHH 


IIOJlH9$Hp 

Boas.  % 

OT  3arpy3HH 

BOAa,  % 

OT  cyMMbI 
npOAyKTOB 
AecTpyKAHJi 

rjiHKOJii>(J>TajiaT 

2,47 

6,65 

PjiHKOJibMajieHHaT 

3,19 

9,26 

FjiHKOJibaAHnHHaT  . . . . ' . 

6,79 

22,84 

rjiHKOJ]bce6an;HHaT  .... 

7,95 

14,72 

KaK  saMexHo  113  KpiiBHX,  MaKCHMajibHoe  KOJinaeoxBo  yjiOBjien- 
HHx  AHKap6oHOBi>ix  KHCJiox  AocxHxaex  B cjiyaae  (j[)xajieBOH  khcjioxh 
550  MMOJihlMOJih  (J)xajieBOH  KHCJIOXH,  npHcyxcxBylomeH  b HCXOAHOM 
oSpasAe.  MaKCHMaJibHHe  KOJiiiaecxBa  ajih  ocxajibHHX  AHKapSoHOBHX 
KHCJIOX  3HaHHXeJIbHO  MCHbine,  HO  H B 3XHX  CJiyHaHX  OHH  COCXaBJIH- 
K)X  A^CflXKH  MMOJlCujMOJlh,  ^IXO  KaCaeXCfl  BXHJieHrJIHKQJIH,  XO  OH 
6biJi  onpeACJieH  b npoAyKxax  A^cxpyKAHH  rjiHKOJib(|)xaJiaxa  b ko- 
jiHHecxBe,  npH6jiH3HxejibH0,  oxBeaaiomeM  ^xajieBOH  KHCJioxe,  a 
y ocxajibHHx  o6pa3n;oB  coAcpHcaHne  ero  6hjio  Oojibnie  KOJinaecxEa 
cooxBexcxByioiAHx  khcjiox.  J^ByoKHCb  yrjiepoAa  h okhcb  yrjiepoAa 
3Aecb  npHBeAGHH  b npoAenxax  ox  sarpyaKH.  Hx  KOJiHaecxsa  Me- 
HHIOXCH  B CpaBHHXeJIbHO  HIHpOKHX  HpCACJiaX  B SaBHCHMOCXH  OX 

THna  noJiH3$Hpa,  BpeMenn  h xeMnepaxypbi.  Kojinnecxso  ocxajib- 
HHx npoAyKxoB  AS^^TpyKAHH  sHannxejibHO  MeHbine.  Hx  KOJiHnecxBa 
no  oxAejibHHM  xnnaM  hcxoahbix  nojiH3(|)HpoB  ocoGenno  He  oxjih- 
*HaioxcH.  KojiHHecxBa  yKcycHOH  h MypaBbHHOH  khcjiox  ne  npeBH- 
maiox  2%,  a KOJiHnecxBa  bhchihx  khcjiox  Aocxnraiox  0,5%  ox 
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BpeMn,  Hacbi 

Phc.  1.  IIOTepH  Beca^H.  buxoau  rjiaBHHx  npo^yKTOB  flecTpyio^HH  b saBHcii- 

MOCTH  OT  BpeMeilll. 

1 rJiHKOJiL(j)TajiaT,  2 — rjiHKoJiLMajiemiaT,  3 — rjinKOJibaAHuiiiiaT,  4 — rjudKOJiLceOauHiiax 
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sarpysKH  iicxoAHoro  o6pa3ii;a,  AjiLAeniAH  npiicyTCTByiOT  b kojih- 
TOCTBax  MeHbniHX  ,em;e  na  oahh  hjih  ^Ba  nopHAKa  Bejinran. 

CjieAyeT  oTMeTHTB,  HTO  KOiiHHecTBeHHOMy  anajiHay  ne  noABep- 
rajiH  Bce  BemecTBa,  yjiOBJiepiiiLie  b Tenenne  onHTOB.  KpoMe  kojih- 
^ecTBeHHo  anajiHSHpoBaHHHX  h Ka^ecTBenno  no  THnaM  haghth^h- 
AHpOBaHHHX  COGAHHeHHH  HO  HCKJIIOHaeTCH  npHCyTCTBUO  Bem,ecTB 
HeH3BecTHoro  cocxaBa.  Ho  hx  KOJinnecTBo  hh  b koom  cjiynae  ne* 
HBJIfleTCH  CymeCTBeHHHM. 

06cy>KABHHe  h bwboabi 

O630P  aKcnepHMGHTajiBHHX  peayjiBxaTOB  noKaauBaex,  bxo  bo 
Bcex  xHnax  HsyneHHHX  nojiH3(j)HpOB  b xenenne  xepMOOKHcanxejiB- 
HOH  ABCxpyKAHH  npoxGKaiox  peaKAHH,  BeAymne  k o6pa30Bainiio 
MOHOMepoB,  H peaKAHH,  BCJiGACXBHe  Koxoptix  cxpyKxypHue  gah- 
HHAH  OpHrHHaJIBHOH  MaKpOMOJIGKyJIH  HpGBpaiAaiOXCH  B pHA  COG- 
Ahhghhh  pasJiHBHoro  XHMHnecKoro  xapaKxopa.  Hxo  KacaGxcH  kiic- 
jioxHOH  cocxaBHOH  HacxH  noJiHa^npoB,  xo  ona  b cjiy^aG  rJiiiKOJiB- 
(|)xajiaxa  npGBpamaGxcn  6g3  iiaMGHGHHH  (Kan  (J)xaJiGBHH  anrHApHA) 
B npoAyKXH  ACCxpyKAHH.  JljeKap6oKCHJiHpoBaHHe  aaMGnajiocB  jihibb 
npH  300*  B HGOoJIBBIOH  CXGnGHH.  B CBH3H  C aXHM,  KOJIHBGCXBa  yjio- 
BJIGHHOH  AByOKHCH  yXJIGpOAa  y rJIHKOJIB^Xajiaxa  CyiAGCXBGHHO  MGHB- 
mG,  HGM  y OCXaJIBHHX  XHHOB  nOJIHa(|)HpOB.  B CpaBHGHHH  C rJIH- 
KOJIB$XaJiaXOM  OHH  ABIOX  CpaBHHXGJIBHO  MaJIO  MOHOMGpnBIX  ah- 
KapSoHOBBIX  KHCJIOX.  HoXGpH  BGCa,  AByOKHCB  yXJIGpOAa,  BOAa  ir 
HajiH^HG  XGX  BGiAGCXB,  KoxopBiG  HG  BCxpGnaioxcH  y (|)xajiaxa  (kiic- 
jioxH  H ajiBAerHAH  C3— Ce),  acHo  AOKasBiBaiox,  axo  cxpyKxypHBio 
GAnHHABI  aAHnHHOBOH  H CeOaAHOHOBOH  KHCJIOX  nOCXGHGHHO  npGB- 
paiAaioxcH  b BGmecxBa,  hmgioiahg  hhbibgg  hhcjio  axoMOB  yrjiepoAa. 
B MGHBHIGM  KOJIHHGCXBG  OCBOOoJKAaGXCH  MaJIGHHOBaa  KHCJIOXa. 
(MaJIGHHOBtlH  anrHApHA),  axo  HOHHXHO  BBHAy  BOSMOJKHOCXH  pGaK- 
AHH  noaHMGpH3aj];HH.  CpaBHHXGJIBHO  HgSoJIBHIHG  KOJIHHGCXBa  BO- 
ABi,  oSpaayioiAHGca  b npon;Gcce  AccxpyKAHH,  noKasBiBaiox,  .^axo 
3HaaHXGJiBHaa  aacxB  AByoKHCH  yrjiGpoAa  oOpaayGxca  bchgacxbhg- 
AGKapOoKCHJIHpOBaHHH. 

MexaHH3M  B03HHKHOBGHHa  OXACJIBHUX  HpOAyKXOB  ACCXpyKAHH 
moh^ho  aacxHaHo  o6x>acHHXB  na  ochobbhhh  y?KG  onySjiHKOBaHHHX 
AaHHHX.  ^Jia  BOSHHKHOBGHHa  MOHOMGpHHX  KHCJIOX  HpHHHMaaHCB 
BO  BHHMaHHG  HOCXGHGHHBIG  pGaKH,HH  HO  MGCXy  a^HpHOH  CBfl3H  — 
rHApojiH3,  an;HAOJiH3,  axepH$HKan;Ha  [2,  9,  10],  a xaKjKe  paAH- 
KaJIBHHH  M6XaHH3M,  HpGAJIOJKGHHHH  AJIH  XGpMHaGCKOH  ACCXpyK- 
ii;hh  nojiHaxHJiGHxepG$xajiaxa  [2].  o6pa30BaHHH  anrHApHAos- 

yanxBiBaexca  xaKH^e  peaKAHa  kohagbhx  khcjioxhhx  rpynn,  ko- 
XOpaa  B6AGX  K OAHOBpGMGHHOMy  OCBo6o5KAGHHIO  rHApOKCHJIBHOHt 
rpynnBi  [9,  11].  AHajiornaHo  mojkho  oObhchhxb  oOpaaojsaHHG- 
rjiHKOJiH  rHApojiH30M  H nGpeaxepH(|)HKai];HGH  tjihkojibhbix  sbghb- 
GB  [10]. 
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Mh  npeAnojiaraeM,  hto  npeo6jiaAaK)iii,HMH  peaKAHHMH  o6pa30- 
©aHHH  MOHOMepoB  HBJiHioTCH  BHmenpHBeAeHHBie  nocjieAOBaxejibHHe 
peaKAHH.  KojIH^eCTBO  MOHOMepOB  SaBHCHT  OT  B03M0JKH0CTH  HX 
0CB060>KAeHHH.  BCJIBACTSHB  peaKAHH  HO  MBCTy  3(J)HpHOH  CBH3H. 
B Ha^iajibHOH  CTaAHH  AecxpyKAHH  npeAnocmiKH  ajih  3thx  peaK- 
I1,HH  HBJIKIOXCH  Jiy^HIHMH,  HGM  B SoJIGG  HOSAHHX  CXaAHHX.  Bo-nep- 
BHx,  nocxeneHHtiM  oKHCJiHxejibHtiM  cxpyKxypnpoBaHHeM  noHHjKa- 
excH  BepOHXHocxB  KOHxaKxa  peaKi];HOHHocnoco6HLix  rpynn,  bo- 
BTOpBIX,  XHMHHGCKHMH  HSMeHeHHflMH'  B CXpyKXypHHX  SBeHbKX 
nOJIH3(|)HpOB  nOHHJKaexCH  BepOHXHOCTb  o6pa30BaHHH  MOHOMepa 
BCJieACXBHe  peaKAHH,  npoiicxoAfliAHx  no  necxy  a(|)HpHOH  cbh3h. 
Ha  ocHosaHHH  axnx  coo6pa>KeHHH  mojkho  o6x>HCHHXb  xox  (j[)aKx, 

npenMymecxBeHHoe  KOJin^ecxBO  yjiOBJienHHX  MonoMepOB  bos- 
HHKaex  B nanajiBHOH  ctba™.  fl^ByoKHCb  yrJiepoAa  h boa^  bbjihiotch 
KOHGHHHMH  npoAyKxaMH  OKHCJiHxejibHHx  peaKAHH  BpeMeHHo  o6- 
paayioiAHXCH  HHSKOMOJieKyjiHpHHx  npoMejKyxo^Hbix  npoAyKxoB 

(ajibAerHAbi,  khcjioxh,  noJin^yHKAHOHaJibHbie  coeAHHenna).  Kpo- 
Me  Toro,  AByoKHCb  yrjiepoAst  o6pa3yeTCfl  xaiOKe  BCJieACXBne  a©- 
KapSoKCHJIHpOBaHHH  AHKapSoHOBHX  KHCJIOT  HJIH  JKG  KapSoKCHJIb- 
Htix  rpynn,  oCpasyioiAHXCH  b npOAecce  xepMOOKiicJinxejibHOH 
AecxpyKAHH. 

OKHCb  yrJiepoAa  MO>Kex  oSpaaoBaxbCH  ABKap6oHHJiHpoBaHHeM 
BpeMeHHo  o6pa30BaBinHXCH  KexoHOB.  HanSoJibniHe  KOJinnecTBa 
OKHCH  yrjiepoAa  6hjih  o6Hapy>KeHBX  y rJiHKOJibaAHnnnaxa  n tjih- 
iKOJibce6an;HHaTa;  3xo  CBHABxejibCTByex  o xom,  ■‘ixo  b yrJieBOAOpoA- 
HOH  Aenn  axnx  khcjiot  naxoAHTcn  KexorpynnH.  Mojkho  xaKJKe 
npeAnojiaraxb  AeKap6oHHJiHpoBaHHe  HH3K0M0JieKyjiHpHBix  npo- 
MGH^yxoTOHX  npOAyKTOB  THHa  ajiBAGrHAOKHCJiox  (nanpHMep  rjin- 
OKcajieBOH  KHCJiOTBi).  B CJiyaae  rjiHKOJibaAnnHHaxa  mbi  mojkgm  cto- 
TaTbCH  c MexannsMOM,  anajicrnTOHM  c MexaniisMOM,  npeA-JioHcen- 
HHM  AJIH  XepMHHeCKOH  A^CTpyKAHH  reKCHMeTHJieHaAHHHHa- 
MHAa,  a^’^b  KOTOporo  OAHOBpGMeHHo  oSpasyexcH  A^iKJionenxaHOH 
[12]. 

Hnsimie  aJibAernABi  h khcjioxbi  ((|)0pMaJibAerHA,  aABTajiBAernA, 
MypaBBHHaa  n yKcycnaa  khcjioxbi)  HBJiaiOTca  npoAynxaMH  okhc- 
JIHXGJIbHBIX  peaKAHH,  npGHMyrAeCXBGHHO  CXpyKXypHBIX  aBeHBGB 
rjiHKOJia.  ,Il^Jia  boshhkhobghhh  BBicinHx  ajibAorHAOB  h khcjiox 
(Bg — Q)  H3  yrjIGBOAOpOAHOH  A®™  aAHnHHOBOH  H Ce6aAHHOBOH 
KHCJIOX  MO>KHO  HpHMGHHXb  MGXaHHSMBI,  HSBGCXHHG  A*^^  OKHCJIG- 
HHH  yrJIGBOAOpOAOB  [7]. 

B SaKJnOHGHHG  M05KH0  CKasaXb,  HTO  MGXaHHSM  XGpMOOKHCJIHXGJIb- 

noii  A^CTpyKAHH  BKjnoHaex,  c oahoh  cxopoHBi,  nocjiGAOBaxejiBHHG 
peaKAHHjBGAyiAHe  k boshhkhobghhk)  cbo6oahbix  kohagbhx  rpynn  ii 
MOHOMGpoB,  c APY^'O^  cxopoHBi  — paAHKajibHBiG  peaKAHH,  npo- 
AYKXaMH  KOXOpBIX  HBJIHIOTCH  rJiaBHHM  o6pa30M  OKHCJIGHHBie  COG- 
AHHGHHH  CXpyKXypHBIX  SBGHbGB  nOJlH3$HpOB. 
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Summary 

This  report  is  part  of  an  extensive  investigation  on  thermal 
and  thermooxidative  degradation.  The  results  are  discussed  of 
an  analysis  of  the  products  formed  during  degradation  of  the 
glycol  esters  of  phthalic,  maleic,  adipic  and  sebacic  acids.  The 
experiments  were  carried  out  in  an  apparatus  especially  devised 
for  this  purpose.  The  specimens  were  subjected  to  heat  treatment 
.at  200,  250  and  300°  in  a current  of  air  for  periods  varying  bet- 
ween 4 and  200  hours.  The  degradation  products  were  selectively 
trapped  and  analyzed  by  classical  methods  and  by  paper  chro- 
matography. Some  of  the  degradation  products  were  determined 
•quantitatively,  whereas  others  only  qualitatively. 

Among  the  degradation  products  of  all  types  of  the  polyesters 
:studi’ed  were  found  the  monomers,  formaldehyde,  acetaldehyde, 
formic  and  acetic  acids,  carbon  dioxide,  carbon  monoxide,  water 
and  compounds  of  the  type  of  oxyaldehydes,  oxyacids,  and  aldo- 
acids,  which  were  not  identified  closer.  Furthermore  among  the 
degradation  products  of  glycol  adipate  and  glycol  sebacate  acids 
and  aldehydes  were  found  with  three  and  more  carbon  atoms  to 
the  molecule.  Benzoic  acid  is  a specific  product  of  the  degrada- 
tion of  glycolphthalate,  as  well  as  cyclopentanone  of  glycol  adi- 
pate. The  qualitative  composition  of  the  degradation  products 
changes  little  with  change  in  temperature  and  duration  of  the 
experiment.  The  change  in  giiantity  with  these  factors  is 
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greater.  From  the  quantitative  standpoint  the  main  de- 
gradation products  are  the  monomers,  carbon  dioxide,  carbon, 
monoxide  and  water. 

A mechanism  for  the  degradation  is  proposed  which  includes* 
consecutive  reactions  (hydrolysis,  esterification  and  reesteri- 
fication) leading  to  the  formation  of  free  end  groups  and  mono- 
mers on  the  one  hand,  aud  radical  reactions  of  which  the  products  are- 
mainly  oxidized  substances  of  the  structural  units  of  the  poly- 
mer, on  the  other. 


Resume 

Le  rapport 'presente  une  partie  du  grand  travail  de  recherche* 
concernant  la  destruction  thermique  et  therm o-oxydante.  Dans* 
le  rapport  sont  examines  les  resultats  d’analyse  des  produits* 
formes  pendant  la  destruction  des  polyesters  de  glicol  avec  les 
acides  phtalique,  maleique,  adipique,  et  sebacique.  L’appareil- 
lage  specialement  construit  pour  ce  but  etait  employe  dans  le* 
travail.  Les  echantillons  etaient  soumis  au  chauffage  a 200,  250^ 
et  300° C.  au  courant  d’air  par  intervalles  entre  4 et  200  heures. 
Les  produits  de  destruction  etaient  saisis  selectivement  et  analy- 
ses par  les  methodes  de  chromatographic  de  papier.  Une  partie* 
des  produits  de  destruction  etait  definie  quantitativement, 
tandis  qu’une  autre  partie  n' etait  definie  que  qiialitative- 
ment. 

On  a determine  que  dans  les  produits  de  destruction  de  tous- 
les types  des  .polyesters  e etudier  sont  trouv&  des  monomeres- 
initiaux,  le  formaldehyde,  I’acetaldehyde,  I’acide  formique, 
le  dioxyde  de  carbone,  I’oxyde de  carbone.  Lean  et  les  composes- 
du  type  d 'oxyaldehydes,  oxy acides  et  acides  aldehydiques,  qui 
n’ont  pas  ete  identifies  exactement.  Parmi  les  produits  de  destruc- 
tion de  glycoladipate  et  glycolsebacate  on  a encore  trouve  des- 
acides  et  des  aldehydes,  comportant  C3  et  au-dessus.  L’acide  ben- 
zoique  est  un  produit  specifique  de  destruction  de  glycolphtalate* 
de  meme  que  le  cyclopentanone  est  un  produit  specifique  de* 
destruction  de  glycoladipate.  La  composition  qualitative  des  pro- 
duits de  destruction  ne  depend  que  peu  de  la  variation  de  tempe- 
rature et  de  duree  de  I’essai.  La  composition  quantitative  des; 
produits  de  destruction  varie  dans  la  plus  grande  mesure  suivant 
la  temperature  et  le  temps.  Du  point  de  vue  quantitatif  les  mo- 
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nomeres,  le  dioxyde  de  carbone,  I’oxyde  de  carbone  et  I’eau  pre- 
'sentent  les  produits  essentiels  de  destruction. 

On  presume  Texistence  du  mecanisme  de  destruction,  qui 
•^comprend  d'une  part,  les  reactions  successives  (hydrolyse,  este- 
rification et  transesterification)  aboutissant  a la  naissance  des 
rgroupes  termineux  libres  et  monomeres  et  d ’autre  part,  les  rea- 
‘Ctions  radicales  dont  les  produits  sont  essentiellement  represen- 
tes  par  des  substances  oxygenees  a partir  des  motifs  structuraux. 
«des  polyesters. 
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0 3ECTPyK^HH  H CTABHJIH3A^HH  HEKOTOPfclX 
nOJIHMEPHLIX  MATEFHAJIOB 

M,  E.  H euMan,  M,  Eoeapcuan, 

Jl,  r o 6 enno  6 a,  A,  C.  C m p u omno  e a, 

If.  n»  JleoanmoG  cndit^  M»  C.  Anymun 

(CCCP) 


Pa6oTbi  no  nccaGAOBannio  npoi];ecca  TepManecKon  ii  okhcjih- 
TGJibHOM  ;\ecTpyKLi,HH  nojiMMepoB  HSJiOJKGHbi  B MOHorpa(|)HHX  I paccii 
[1]  H EjiJiHHeKa  12].  • 

B SojibmHHCTBe  pa6oT  npuniiMaioT,  nxo  TepMunecKaa  a okhc- 
jiHxejiBHaH  ji,ecxpyKi];HH  y nojiHMGpOB  hbjihioxch  paAHKajibH0n;6n- 
HbiMH  peaKn;HaMH.  B npoxHBonojioacHocxB  nojiHMepUHM  npo;i;yKxaM, 
xepManGCKIIH  II  OKHCJIHXGJILHblll  paCECaji;  KOHaGHCaU,IIOHHbIX  CMOJI 
noHxii  HG  HCCJiGAOBajiCH,  HGCMOxpH  na  xo,  nxo  OHH  AO  HacxoHni;ero< 

BpGMGHH  inapOKO  npHMGHHIOXCH  B UpOMbUnJIGHHOCXH. 

TaK  KaK  HGpGA  npoMbiniJiGHHocxbio  njiacxMacc  cxoax  aaAaaa 
noBLiniGHHfl  xGHJiocxoHKOCXH,  xGMnepaxypH  iiGpepaSoxKH  n 3KC- 
rjjiyaxaAHH  nojiiiMGpOB,  xo  hgoSxoahmo  asbiCKHBaxb  a^cj^GKXHBHbie- 
CTa6HJIH3aXOpLI  H aHXHOKHCJiaXGJIH  A*^^  3XHX  MaxepHaJIOB. 

B HacxofliAGH  pa6oxe  accJiGAOBajiii  npoAGCC  xepMaaGCKoa 

OKHCJIHXGJIbHOH  AOCXpyKH,HII  3nOKCHA^I>IX  CMOJI,  IIOJIHCXHpOJiai 
II  Ap. 

0 KHHGTHKG  npOAGCCa  XGpMnaeCKOH  AOOTpyKAHH  OnOKCHAHHX: 
CMOJI  cyAHJiH  no  noBinneHaio  AaBJiGHna  b chcxgmg  bo  BpeMemi, 
BH3tiBaeMOMy  bhagjihioiahmhch  raaaMH.  rasu,  nojiyaaioiAneca’ 
npa  AOOxpyKAHH,  co6HpajiH  b npGABapaxejiLHO  BaKyyMHpOBan-- 
Hyio  jioBymKy,  tag  hx  BtiMOpajKHBajiii  jkhakkm  aaoxoM. 

npH  HCCJIGAOBaHHH  AGCXpyKIl,HH  HCXOAHHX  BHOKCHAHHX  CMOJI,. 
nojiyaGHHbix  na  ochobg  BnaxjiopniApaHa  a A^^^OHHJiojinponana, 
MapoK  3^li-6  H 9^-15  (MOJieKyjiapnbiH  bgc  500  n 2000)  oKasaaocb, 
nxo  npa  cpaBHaxejibHo  hh3kbx  x.GMnepaxypax  (200—250®)  as. 
CMOJiLi  mgajichho  bhagjihgxch  HGSojibinoe  kojibhgcxbo  ra30o6pa3- 
HHx  npoAyaxoB  a oxroHHGXca  npoapaniiaa  6GCii,BexHaH  h^bakocxl. 
ripa  6oJiee  bhcokbx  xeMnepaxypax  CKopocxB  o6pa30BaHaH  a KOJiaae- 
CXBO  ra30o6pa3HHX  npoAynxoB  pe3KO  Boapacxaiox,  a oxxonHiomaHCHi 
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>khakocti>  OKpaniHBaeTCH  b h KopiiHHeBHH  ii,BeT.  Ko.niiHe- 

CTBO  HenjiaBKoro  h nepacTBopHMoro  ocTaTKa  yMeHtmaeTca  no- 
Arepe  noBMmeHHH  TeAmepaTypij,  CooTBeTCTBGHHo  3TOMy  nocxe- 
neHHo  BoapacxaeT  KOjmHecTBO  OTroHaiomeHCH  h^hakocth. 

B cjiyHae  A^CTpyKniHH  OTBepH^A^HHHX  cmoji  Aance  npn  hhskiix 
TBAinepaTypax  (250°)  hchakoctb  OKpamena  b xeMHUH  ii,Bex. 

KpHBHG  noBBimeHHH  A^BjiGHHa  raaoB  npn  pasHHX  xennepa- 
xypax  a-JIh  cmoji  b hcxoahom  h oxBepjKAeHHOM  cocxohhiih  npiiBBAe- 
HLi  Ha  pnc.  la,  6,  e.VLa  piic.  1,  a bhaho,  hxo  nppn;ecc  AecxpyKAHH 
anoKCHAHtrx  cmoji  HaHiiHaexcH  npn  240—250®.  ^jih  cmojili,  oxBep- 
H^A^HHOH  MaJIGHHOBHAI  aHXHApHAOAI  (pHC.  1,  e),  3X0X  npOIi;eCC  IiaHH- 
HaexcH  npH  6ojiee  bhcokhx  xeMnepaxypax. 

MaKCHMajibHaa  CKopocxB  A^cxpyKAHH  (W)  Boapacxaex  c tcm- 
nepaxypoH  no  saKOHy  Appemiyca: 

JL 

9(J)(|)eKXHBHaH  oHeprHH  aKXHBaii,HH  (E)  xepMHHecKoro  pacnaABi 
OKaaajiacb  paBHOH  ajih  cmojim 3^-6  — 34  KKaji/MOjih,js,jiRd]X-l5  — 
18  KKaJllMOJlh,  A^JIH  cmojili  3JI,-6,  OXBepHCAGHHOH  7%  -nOJIH3XII- 
jieHHOJiHaMHHa,— * 27  nnajilMOJih  h a^ih  cmojih,  oxaep^KAennoH- 
30%  MajiGHHOBoro  anrHApHAa,—  30  nnajilMOJi-b, 

HH3KHe  BHaneHHH  aneprnH  aKXHBan;HH  CBHAexejibCxsyiox  o 
XOM,  HXO  A^CXpyKAHH  HG  HBJIHGXCH  HpOCXHAI  AIOHOAlOJIGKyJIHpHBIM* 
npoAGCCOM,  a npoHCXOAHx  no  cjiojKHOMy,  BGpoHXHo  paAHKajibHO“^ 
AGnnoMy  MGxaHHSMy. 

CocxaB  ra30o6pa3HHX  npoAyKxoB,  nojiyncHHHX  npn  A^cxpyK- 
AHH  CMOJI  npn  XGMiiGpaxypG  405®  n onpGAOJiGHHHX  xpoMaxorpa|)H- 
HGCKH,  npHBGAeH  B xa6jiHii;G. 

Hpn  XGpMHHGCKOH  AGCXpyKAHH  JIHnib  2—5%  anOKCHAHOH  CMOJIbT 
npGBpamaGXCfl  b raaooSpasHHG  npoAyKXH.  Ha  xa6jiHij,bi  bhaho, 
Hxo  Jinnib  oKHCb  yrjiGpoAa,  MGxan  n nponnjiGH  npncyxcxByiox  b- 
npoAyKxax  AecxpyKAnn^B  sHaHHXGJibHux  KOJiHHGCXBax.  B npoAyK- 
xax  AecxpyKAHH  cmojih,  oxBGpjKAeHHOH30%  MajiGHHOBoro  anrHA- 
pHAa,  o6HapyH«GHO  SojibmoG  coAepn^annG  yrJiGKHCJioro  raaa. 

B BHMOpOH^GHHHX  npOAyKXaX  XGpAIHHGCKOH  A^CXpyKAHII  3nOK- 
CHAHOH  cmojih  nOJIHpOrpa^HHGCKHM  H XHMHHGCKHM  MGXOAaMH 
6hjih  ofinapyjKGHH  (J)opMajibAerHA,  aAGxajibAerHA  h BOAa, 

HG3HaHHXGJIbH06  KOJIHHGCXBO  BHMOpOJKGHHOH  5KHAKOCXII  HO- 
KaSHBaGX,  HXO  HG  60JIGG  15%  nCXOAHOH  CMOJIH  npGBpamaGXCH  B; 
ra3H,  BOAy  h ajibAernAH,  ocxajibnan  nacxb  nGpGXOAHx  b jkhakhg* 
npOAyKXH  H XBGpAHH  HGpaCXBOpHMHH  OCXaXOK. 

B cjiynaG  xgpmhhgckoh  AecxpyKn,HH  anoKCHAHon  cmojih  3^-6- 
npn  xGMnGpaxypG  345®  MOJiGKyjinpHHH  bgc  jkhakhx  npoAyKxoB 
oKaaaJicH  paanbiM  270,  a npn  xGMnGpaxypG  AacxpyKAini  500®— 
200. 
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SPhc.  1.  KHHGTH^ecKHe  KpiiBBie  noBLiineHHfl  AaBJiemia  raaoB 
npH  paaaiiHHiiix  TeMnepaxypax  a:  AJiflCMOJiH3fl,-6;  6:  am  cmo- 
jiH  9A-6,  OTBep>KAeHHOH  7%  nojiHaTHJiennojiHaMHHa;  e:  ajih 
CMOJiM  OTBep>KAeHHOH  30%  MajieHHOBoro  anrHApHAa.- 
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CocTaB  ra30o6pa3Hbix  npo^yKTOB  flecTp^TC4HH  (%) 


CMOJia 

W 

o 

Q 

o 

Q 

' • s 

Q 

■ a 

o 

Q 

4 

c 

3fl-6 

1.2 

52,5 

— 

18,8 

1,2  ' 

2,6 

0,7 

18,8 

9fl-15 

2,7 

46,5 

— 

17,3 

1,8 

2,7 

1,2 

2,7 

3^-6,  OTBepHtAGHHaH  7% 

nojiHSTHJieHnojiHaMiiHa  . . 

2,8' 

24 

1 

24 

6^5 

6,6 

4.4 

28 

3fl-6,  oTBepHtAennaH  30% 
MajieHHOBoro  anrHApHAa  • • 

0,5 

’ 21 

50 

4,5 

0,6 

1 

1,0 

0,4 

3,6 

IloA  AencTBHeM  areHTOB  oTBepjKAeHHH,  npHMenaeMHx  ajih 
bhokchahhx  cmoji,  3Ta  HCHAKOCTB,  TaK  JKB  KaK  H CMOJia,  nepexo- 
AHT  B HenjiaBKoe  h HepacTBopHMoe  cocxoHHHe.  TaKHM  o6pa30M, 
MOJKHo  npeAnojioH<HTB,  HTO  o6pa3yioiii;aHCH  b npon;ecce  A^CTpyK- 
AHH  jkhakoctb  npeACTaBJiaeT  coSoh  cmbcb  HHSKOMOJieKyjiHpHHx 
(J)paKri;HH  cmojih  h npoAyKTOB  ee  A^CTpyKAHH. 

Mn^paKpacHBie  cneKxpH  norjioiAeHHH,  CHflxue  b o6jiacxH  ox 
4 AO  13  [xj  H]  npHseAeHHHe  na  pnc.  2 ajih  hcxoahoh  cmojih  h >kha- 
KOCXH,  nojiy^eHHOH  npn  345°,  coBnaAaiox.  AnajiorHHHHe  peayjiB- 
xaxH  StiJiH  ndAyncHH  aji^i  }khakhx  npoAyKxoB,  oSpasyioiAHxcH  npn 
6oJiee  BBicoKHX  xennepaxypax. 

CneKxpBi  norjiomeHHH  b .6jiH>KHeH  HH(J)paKpacHOH  o6jiacxH  AJia 
hcxoahoh  cmojih  h npoAyKXOB  AOCxpyKAHH  haohxhtoh. 

HaJiHHHe  anoKCHAHHx  rpynn  b 3xoh  hchakocxh  o6x>HCHHex 
ee  cnocodHocxB  oxBep>KAaxBCH,  x.  e.  o6pa30BLiBaxB  xpexMepHBie  . 
cxpyKxypH. 

B HH$paKpacHHx  cneKxpax  norjiom;eHHH  xBepAoro  HepacxBO- 
pHMoro  ocxaxKa,  nojiyneHHoro  nocjie  AOCxpyKAHH  cmojih  h oxo- 
6paHHoro  ^epea  5 mhh.  nocjie  na^ajia  onBixa,  nojioca  norjioiAeHHH 
anoKCHAHOH  rpynnBi  oxcyxcxByex. 

IIojiy^eHHBie  AanHBie  hosbojihiox  npeAnoji05KHXB,  ^xp  npon;ecc 
AecxpyKAHH  anoKCHASHX  cmoji  nponcxoAHT  cjieAyiorAHM  oSpasoM. 
HHSKOMOJieKyjiHpnaH  ^acxb  cmojih  h HHSKOMOJieKyAnpHHe  npo- 
AyKXH  ee  AOOxpyKn;HH  yjiexy^HBaioxcH.  9xox  $H3HHecKHH  npoAecc 
KOHKypnpyex  c XHMH^ecKHM  npon;eccoM  xepMHnecKoro  pa3Jio>Ke- . 
iiHH,  KoxopHH  HaTOHaex  nrpaxB  saMexHyio  pojiB  jiHmb  npn  bbtco- 
KHX  xeMnepaxypax.  ' .i  -r 

27  3aH.  414  417 
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Bojiee  BMCOKOMOJieKyjiHpHaH  nacTb  cmojih  npeTepneBaex  rjiy- 
ooKne  xHMH^ecKHe  HaMeneHHH,  CBaaaHHHe  c o6pa30BaHHeM  okhch 
yrjiepoAa,  yrjiCKHCjioro  rasa,  Mexana,  nponHJiena,  ajibAerHji;oB  h; 
BOAfcl. 

KaK  H3BecTHO,  OKHCb  yrjiepoAa  h nexan  o6pa3yK)TCH  b Sojibhiiix 
KOJiHHecxBax  npH  pacnaAe  okhch  axHJiena  b rasoBOH  (|)a3e  [3—5], 


6 5jl 


Phc.  2.HH$paKpacHHe  cneKTpH  hcxoahoh  cmojih  3fl-6  ( — ) ii  hchakhx 

npojiyKTOB  AecTpyKi^HH,  nojiy^eHHtix  npn  xeMnepaxype  345  ( ) 

h500°( ). 


SnaHHxejiBHHe  KOJiHnecxBa  okhch-  yrjiepoAa*  6hjih  o6iiaj)yme- 
HBi  xaKJKe  npH  xepMHnecKOM  pasJiOH^eHnn  okhch  nponHJiena  [6]. 
HoaxoMy  MOJKHO  npeAnoJio?KHXb,  hxo  h b cjiynae  xepMHHecKoro 
pacna^a  anoKCHAHux  cmoji  okhcb  yrjiepoAa  h Mexan  o6pa3yK)xcH 
H3  anoKCHAHHX  rpynn. 

Mh  npeAHOJiaracM,  hxo  b MOJieKyjie  anoKCHAHon  cmojibi  npit 
BBicoKHx  TeMnepaxypax  npoHCxoAHX  oxpHB  anoKCHAsoH  rpynnBi 

HO  CXCMC:  . 

RO  - GH2  — CH  - CH2  RO  ~ CH2  + CH2  - CH2  (1> 

\ / \ / ■ ■ 

O 0 

CH—  GH2 

^ajiee  paAHKaji  \ / HsoMepnayexcH  cjieAyioiAHM  o6pa30M 
0 

CH  ~ CH2  ->  CH2  — GH-^CHa—  CO  (2> 

0 .0 

riojiyqaioDAHHCH  an;eTHJii>HBiH  paAHKaji  pacnaAaexcH  no  peaKAHH,. 

CH3  — CO CH3 -h  CO  (3) 

MexHJiBHBiH  paAHKaji  oxpBiBaex  axoM  BOAopoAa  y MOJieKyjiBi 
CMOJiH  c o6pa30BaHHeM  Mexana. 
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PaAHKaji  RO— CH2,  nojiynaioiAHHCH  no  peaKAHH  (1),  aojih^bh 
pacna^aTbCH  c o6pa30BaHHeM  (|)0pMajibAernAa  no  peaKAHTi: 

RO  — GHa^  K + GHc,0  (4) 

An,eTajii>AerHA  noJiy^aetCH  b peayjibTaTO  peaKAHH: 

GH3GO  + RH  GH3GHO  + a (5) 

Jle;Kan];ee  b ochobg  namen  cxeMM  npeAnojiojKenne  06  OTpHBe 
anoKCHAHOH  rpynnH  BectMa  6jih3ko  k rnnoTeae  Jloccnnra  h Hh- 
rojibAa  [7]  0 MexannsMe  nnpojinaa  okhch  nponnjiena. 

He6ojibinHe  KOJiiinecTBa  boah  MoryT  BHA^jraTbca  BCJieACTBne 
oSpaSOBaHHfl  3(|)HpHbIX  MOCTHKOB  B npOAeCCe  OTBepJKAGHHH. 

Haynena  xaKJKe  TepManecKan  A^CTpyKAnn  nojincTupojia  h 
Apyrnx  nojiHMepoB.  OnpeAejiena  anepma  aKTHBaninn,  nponsseAen 
xpOMaTorpa(|)nB;ecKHK  anajiHs  ra30o6pa3Hbix  npOAyKTOB. 

BbiJi  HBynen  TepMooKHCJinTejibHHH  pacnaA  ^noKmJ^^ux  cmoji 
nojiHCTHpojia  H Apyrnx  nojinnepoB. 


50  wo  OpOMB,  MUH 


Phc.  3.  SaBHCHMOcTb  nepHOAOB  mi^yKAHH  npn  pasjiHHHHx 
TeMnepaxypax  ox  AaBjieHHH  KHCJiopoAa  ajih  cmojih  3A‘6, 
OTBepJK^eHHOH  7 % nojiH3THjieHnojiHaMiiHa. 

npoAecc  norJioni;eHHH  KHCJiopoAa  anoKCHAsoH  cmojioh,  oTBep- 
jkaghhoh  7 % nojiH3THJieHnojiHaMHHa,  xapaKTepnayeTCH-  najiHnneM 
nepnoAOB  HHAyKAnn,  peaKO  C0Kpan];aK)rAHxcfl  npn  noBbimeHHH 
TeivraepaTypbr  h A^BJiGHnn  KHCJiopoAa  b cncTeMe  (pnc.  3). 
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• HajiHTOe  nepHO^OB  CBHAeTejii>CTByeT  o tom,  ^to 

oKHCJiHTejibHaH  AecTpyKn;Hfl  anoKCHAHBix  cmoji  HBjiHexcH  aBXOKa- 
xajiHXH^ecKHM  npoi^eccoM  h,  no-BHAiiMOMy,  CBABana  c oSpaaoBa- 
iineM  H AajibHeninHM  pacnaAOM  nepeKHCHHX  coeAiiHeHHH  no  paAn- 
KajiLHOHjenHOMy  MexannaMy. 
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Summary 

The  thermal  degradation  of  epoxide  resins  has  been  studied 
on  a static  arrangement  over  the  temperature  range  300—450®  G. 
The  reaction  proceeds  without  an  induction  period,  the  maximum 
rate  being  at  the  beginning.  The  rate  increases  with  temperature 
according  to  .the  law  W-A.  e— The-  effective  activation 
energy  was  found  to  be  35  Kcal/mole. 

The  reaction  products  consist  of  gases,  a resinous  liquid  and 
a solid  residue.  The  liquid  has  practically  the  same  spectral  cha- 
racteristics in  the  infra  red  as  the  initial  epoxide  compound.  In 
the  infra  red  spectrum  of  the  residue  the  bands  characteristic 
of  the  epoxide  group  are  absent.  Water  and  formaldehyde  have 
been  found  among  the  liquid  products.  Methane  and  carbon  mon- 
oxide have  been  found  in  large  amounts  with  the  aid  of  the 
chromatrographic  method. 

In  the  thermal  degradation  of  the  unhardened  epoxide  resin 
the  low  molecular  fraction  volatilizes  and  the  high  molecular 
degrades,,  liberating  the  radical  CH2  — GH^  which  isomeri- 

i \ : ^0 

zes  and  decomposes  to  CO  and  CH3.  The  methyl  radical 
removing  a hydrogen  atom  from  the  polymer  is  converted  to  me- 

420  . 
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thane.  The  POCH2  radical  formed  on  liberation  of  the  epoxide 
group  yields  formaldehyde. 

Among  the  gaseous  products  in  the  thermal  degradation  of 
the  epoxide  resin  hardened  by  polyethylenepohyamine  (PEPA) 
there  were  found  H2,  CO,  CH4  and  in  addition  CgHo,  CaH^,  CgHe, 
C3H8.  . : 

Ethane,  ethylene,  propane  and  propylene  are  possibly  produr ' 
ced  by  decomposition  of  the  PEPA  radical.  The, thermal  degrai- 
dation  of  polyamides,  styrene  and  a number  of  other  resins  has 
also  been  investigated.  The  activation  energies  were  determined 
and  a chromatographic  analysis  made  of  the  gaseous , products. 

The  thermo-oxidative  degradation  of  epoxide  resinb  and  por 
lyformaladehyde  was  investigated  on  a static  arrangement’  The 
reaction  has  been  shown  to  be  of  the  degenerate  branching  chain 
type.  The  dependence  of  the  induction  period  on  the  oxygen  pres- 
sure and  on  the  temperature  was  determined.  , 

It  has  been  shown  that  as  antioxidants  compounds  may  be 
used,  reducing  peroxides  or  peroxide  radicals  with  the  formation 
of  active  radicals.  Such  for  example  are  benzidine,  diphenyl- 
amine  and  N-phenyl-p-naphthylamine.  , 


Resume 

> 

On  etudiait  la  destruction  des  resines  epoxides  a i ’installati- 
on statique  dans  la  region  des  temperature  300— 450° C'. 

Le  clivage  thermique  s’effecture  sans  periode  inductive,  la 
Vitesse  maximum  du  clivage  est  observee  au  debut  de  reaction. 
La  Vitesse  du  clivage  s’accroit  avec  la  temperature  selon  la  loi 
A. 

L’energie  effective  ’ d ’activation  a ete  trouvee  effale  a 
35  ccal/mol. 

Les  produits  de  reaction:  un  resdui  solide,  une  resine  liquide 
et  des  gazes. 

La  resine  liquide  est  pratiquement  caracterisee  par  le  meme 
spectre  d ’absorption  en  region  infra-rouge  que  la  resine  epoxy- 
de  initiale. 

Dans  le  spectre  I.  R.  d ’absorption  de  residu  solide  manque 
la  bande  qui  est  caractere  pour  le  groupe  epoxyde.  Parmi  des 
produits  de  reaction  liquides  sont  trouvfe  I’eau  et  le  formal- 
dehyde. Par  I’analyse  chromatographique  dans  les  produits  de 
reaction  ont  ete  trouves  en  quantite  grands  le  methane  et  Toxy- 
de  de  carbone. 

421 
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Au  cours  de  la  destruction  thermique  de  resine  epoxyde  une 
resine  epoxyde  a bas  poids  moleculaire  se  volatilise.  La  resine  epo- 
xyde a haut  poids  moleculaire  se  deteriore  en  scissionant  le  ra- 
:dical  CH2  — GH  s’isomerise  et  se  decompose  a CO  et  CH3. 

Le  radical  methylique,  en  detachant  du  polymere  un  atome  d ’hy- 
drogene, se  transforme  en  methane.  La  radical  ROCH2  forme  a 
la  rupture  de  groupe  epoxyde  detache  le  formaldehyde. 

Par  suite  du  clivage  thermique  de  la  resine  epoxyde,  solidi- 
fiee  par  le  poly  ethyl  enepoly  amine  (PEPA)  on  a trouve  dans  les 
produits  gazeux  H2,  CO,  CH4  et  outre  cela  C2H6,  C2H4,  CsHg, 
CsHg.  II  est  possible  que  1’ ethane,  ethylene,  propane  et  pro- 
pylene soient  obtenus  a la  suite  de  decomposition  des  radicaux 
PEPA. 

La  destruction  thermique  des  polyamides,  du  styrolene  et 
de  certaines  autres  resines  a ete  ‘egalement  trouvee. 

On  a determine  une  energie  d’activation  et  on  a execute 
I ’analyse  chromatographique  des  produits  gazeux. 

Le  clivage  thermooxydant  des  resines  epoxydes  et  du  poly- 
formaldehyde  etait  etudie  aux  installations  statiques. 

On  montre  que  le  clivage  thermooxydant  est  une  reaction  en 
chame  avec  des  ramifications  degenerees.  Une  dependance  de 
la  valeur  de  peri  ode  d ’induction  par  rapport  a la  pression 
d’oxygene  et  temperature  est  determinee. 

On  montre  qu’a  titre  des  antioxydants  peuvent  etre  utilises 
des  composes,  qui  reduisent  les  peroxydes  et  les  radicaux  peroxy- 
des  et  tout  en  formant  les  radicaux  actifs. 

De  telles  substances  sont  par  exemple  la  benzidine,  la  diphe- 
nylamie  et  N-phenyl-P-naphtylamine. 
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HCCJIEflOBAHHE  3Oa)EKTnBH0CTH 
HHEHEHTOPOB  OKHCJIEHHfl  KAyHYKOB  DPH 
PA3HbIX  TEMDEPATyPAX 

Jl.  r.  Auz  e p w,  K y S'h  m tincn  it  u 

(CCCP) 


HsBecTHo,  HTO  c noBHmeHHeM  xeMnepaxypH  CKopocxb  okhc* 
jieHHH  KaynyKa  b npncyxcxBHH  HHraSHXopoB  BHaHHxejibHO  Boapa- 
€xaex,  a nepMOA  HHAyKAHH  yMeHbinaexCH.  Ilpn  150°  CKopocxb  no- 
rjiom,eHHH  KHCJiopoAa  OyxaAneH-cxapoJibHHM  KaynyKOM  b npHcyx- 
cxBHH  1 % (|)eHHJi-p-Ha(|)XHJiaMHHa  npHMepHo  B 1000  paa  Oojibme, 
a npoAOJi>KHxejibHocxb  nepHo^a  HHAyKD,HH  b 500  paa  MeHbine,  tom 
npii  70°  (pnc.  1). 

TaKoe  yBejiHTOHHe  cKopocxii  npou,ecca  c xeMnepaxypon,  xa- 
paKxepnayioiAeecH  ^ai^T  24,7  KKajilMOJib  (a  b cjiynae  OyxaAneno- 
Boro  KaynyKa  — 20,8  KnajilMOJih),  csHaano  c BoapaoxanaeM 

CKOpOCXH  HHHAHHpOBaHHH  AeneH  H,  HaCXHTOO,  C yMeHbiaeHHeM 

3(j)(|)eKXHBHocxH  HHraOHxopa.  nocjieAHee  cjieAyex,  b nepsyio 
oaepeAb,  iia  xofo,  axo  HHTHOapyiomHM  3$(|)eKx  onpeAejinexcH  ox- 
HomenaeM  /cjinr/ZcpasB.  Tan  Kaa  jEskt  peaKU,aa  aaraOapoBaaaa 
BcerAa  Meabme,  tom  peaKAaa  paaBaxaa  ii,ena,  to  oxHomeHae 
koHCxaax  c pocxoM  xeMnepaxypH  na^aeT  a aaMe^Jiaiomee  AeacxBae 
anraSaxopa  yMenbmaexca.  Hapa^y  c axHM  npa  noBHraeaaa 
xeMnepaxypH  Moafex  xaajKe  yBejianaBaxbca  CKopocxb  nenpoaa- 
BOAHxejibnoro  paoxo^a  anraOaxopa,  CBaaannoro  c ero  OKacjienaeM 
MoaeKyjiapHHM  KHcaopoAOM. 

9$$eKTaBH0CTb  AeacTBaa  anmOaxopa  aaBacax  b anaaaxejib- 
Hoii  cxenenn  ox  ero  KOHn,eHxpau;aa.  Bhjio  oOnapyaceno,  axo  axa 
aaBacaMocxb  b paAe  cjiyaaeB  onacbiBaexca  KpaBoa  c MannayMOM 
[1,2].  IIpeACxaBaaaocb  ii;eaecoo6paaHHM  aayaaxb  xapaaxep  axoa 
BaBacaMOCXH  b mapoKOM  anxepBajie  xeMnepaxyp. 

PeayjibxaxH  onpeAeaenaa  CKopocxa  anraSapoBannoro  ona- 
cjienaa  OyxaAaea-cxapoabHoro  Kayayaa  (^oh)  naa  (J)yHaAan  aon- 
aj[eHxpan;Ha  (J)eHHa-P-Ha(J)TajiaMHHa  ([/])  npa  paanbix  xeMnepaxy- 
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pax  npe;i,cTaBJieHiji  Ha  pnc.  2.  IlpH  70°  axa  saBHCHMOCTb  onncHBa- 

CTCH  KpHBOH  «HaCIjIIH,eHHH»,  xapaKXepHOH  AJIH  HHrHOnpOBaHHLIX 
ii,enHHX  npon;eccoB  1 3].  Ilpn  ,6oJiee  bhcokhx  TeMnepaiypax  Ha 
KpHBux  oBnapyH^MBaeTCH  xoHKa  MHHHMyMa,  a6cii.HCca  KoxopoH 
saBHCHT  ox  xeMnepaxypH. 


BpeMB,  ^acat 

Phc.  1.  KHHCTHKa  OKHCJieHHH  6yTaAHeH-CTHpo:iBHpro  Kay^yKa. 

OAHOBpeMeHHO  Slijih  HsyneHH  cxpyKxypHHe  HaMenennH,  npe- 
xepneBaeMiie  KaynyKOM  b npoH;ecce  ero  okhcjighkh^.  Hb  nojiyr 
^eHHHX  ji;aHHHx  (pnc,  3)  bhaho,  hxo  c pocxoM  .KOHn;eHxpaAHH  hh^ 
rnOnxopa  cooxHomeHne  Men^Ay  CKopocxHMH  A^cxpyKAHH  h cxpyK- 
xypnpoBaHHH  MOJieKyjiapHHX  ii;eneH  HBMeHHexca  b cxopony  no- 
BHmeHHH  AOJiH  aKxoB  AecxpyKAHH.  Bbhay  Toro,  axo  AecxpyKH^HH 
n;eneH  cBasana  c pacnaAOM  nepeKHCHtix  paAHKajiOB  [4],  Ha6jiK)- 
AaeMoe  KBJieHne  CBHAexejiBCXByex  o6  yBejiHaennH  hx  KOHii;eHxpaH;iiH 
npH  noBumeHHH  coAepBKaHHH  HHrnSnxopa.  HsBecxHo  xaKHce,  hxo 
yBejiHHeHHe  KOHn;eHxpaniHH  HHrnOHxopa  Bume  HeKoxoporo  npeAejia 
BjieaeT  aa  co6oh  BOBpacxaHHe  CKopocxH  ero  npncoeAHHeHHH  k mo- 
JieKyjiaM  nojiHMepa  [1], 

^ MsMeHeHHe  CTpyKTypii  onpeAejiHJiH  no  KHneTHKe  HSMeHeHHH  paBHO- 
BecHoro  MOAyJiH  xpexMepHoro  nojiHMepa  [5].  Ilocjie^^HHH  6hji  nojiynen  o6jiy- 
^enneM  CHporo  KaynyKa  7-:iiyHaMH. 
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CoBOKynHocTL  npHBeflGHHHX  AaHHHX  yKaBHBaex,  ^xo  noBtime- 
HHe  KOHn,eHxpai];HH  HHrH6Hxopa  conpoBOKAaexca  yBejiH^ieHMeM 
CKOpOCXH  HHHI];HHpOBaHHH  OKHCJieHHH  Ka3niyKa.  JQ(onOJIHHTejIbHOe: 


v^^MOJib  [ijMonb.ee^ 


HHHI^HHpOBaHHe  oSyCJIOBJIHBaexCH,  nO-BHAHMOMy,  BaaHMOAeHCX- 
BHCM  nojiHMepa  c paAHKajiOM  HHrH6Hxopa,  BoannKaioiAHM  b pe- 
ayjibxaxe  nenocpeACXBeHHoro  OKHCJienHH  aMnna  MOJieKyjinpHHM 
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KHCJiopoflOM.  KaK  noKaaaji  ontix,  oKHCJieHMe  aMHHa  b axHX  ycjio- 
BHHX  AeHCTBHTeJIBHO  npOHCXOAHT  (pHC.  4).  KOJIH^GCTBO  KHCJIOpO^^a, 
pacxoAyiom,erocB:  na  OKHCJieHne  aMHHa  npn  HBrnSHpoBaHnoM 
OKHCJieHHH  KaynyKa,  OKasHBaeiCH,  oAHano,  BcerAa  Mentnie  3% 
OT  o6in,ero  KOJiHHecxBa  norjiomeHHoro  KHCJiopoAa. 


BpeMJi,  uacbi 

Phc.  3.  M3MeneHHe  paBHOBecnoro  MOAyJiH  npH  OKucjieHHM  Tpex- 
MepHoro  Kay^yKa,  co^epjKaiAero  pasnoe  kojiiihgctbo 
Ha^THJi aMHHa  npH  100°. 


Phc.  4.  KHHexHKa  okhcjighkh  $eHHJi-p-Ha$TH;iaMiiHa  MOJieKy- 

JlflpHHM  KHCJIppOflOM. 


Panee  Shjio  noKaaaHO  [4,6],  hxo  npii  okhcjighhh  aMHHa  npo- 

R 

ncxoAHx  o6pa30BaHHe  paAHKajioB  xnna  Nv  BLiflcneHHH 

,Ri 

'ChocoShocxh  BaaHMOAencxBHH  xaKHX  paAHKajiOB  c nojiHMepHOH 
MOJiGKyjiOH,  6mjio  npoBGAeno  oKHCJieHHe  KaynyKa  c xexpa^eHHJi- 
THApasHHOM.  OSjiaAaa  cnoco6HOCTi>K)  JierKO  pacnaAaxbca  Ha  ah- 
♦(J)eHHJia30XHij[e  paAHKajiH,  rnApasHH  HBjiaexcfl  HHrH6HxopoM  npo- 
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mecca  (pHC.  5).  B ancxpaKTe  KaynyKa,  oKHCjieHHoro  b npHcyiCTBHH 
riiflpa3HHa,  6hjio  o6Hapy>KeHo  snaTOTejibHoe  KOJiH^ecTBO  AH(j)e- 
HHJiaMHHa,  HTo  HBJiHexcii  pesyjibxaxoM  oxpuBa  flH^eHHjiaaoxHtiM 
paAHKajiOM  axoMa  BOAOpoAa  ox  yrJieBOAopoAHofi  MOJieKyjiH.  Ana- 
jiorHHHoe  HBjieHHe  6lijio  o6HapyHceHo  Apyrnx  aaoxHHX  pa^H- 
iKajioB  [7],  * 


Phc,  5.  KmieTHKa  OKHCJieHHH  6yTaAHeH-cTHpoJibHoro  Kay- 
^yKa  B npiicyTCTBHH  pasjiHHimx  aMHHOB  h rHApaaniia  npn 
130®  (3,2  MMOJiH  iia  MOJiB  KayqyKa). 

1 — C 2 — C $eHHJI-3-Ha(|)THaaMHH0M,  3 — c nH-3,p'- 

Ha$THJiaMHH0M,  4 — c Terpa^eHHjirHApaaiiHOM. 


Bee  BHineH3Jio>KeHHoe  cjiyn^nx  AOKasaxejibCXBOM  cnoco6HocxH 
BXopHTOoro  apoMaxH^ecKoro  aMHHa  HHHAHHpoBaxb  oKHCJieHHe 
Kay^yKa,  hxo  h oxpa>KaexcH  na  xapaKxepe  saBHCHMOcxn  Vqk  ox  [/]. 

J^jiH  npoBepKH  npaBHJibHocxH . BbicKaaaHHbix  npeAcxaBJieHHH 
•6hji  npoBeAGH  KHHexH^ecKHH  pacnex  CKopocxH  npoiiecca,  b 
ocHOBy  Koxoporo  6biJia  nojro^Kena  cxeMa  HHrHSnpoBaHHoro  OKHCJie- 
HHH  Kay^yna,  BKJiio^aioiiiaH  peaKiiiiK)  3apo>KAeHHfl  u,eneH  nofl 
BjiHHHHeM  HHrnSnxopa  [4].  cjiyBian  KopoxKHX  i^eneH  b 

ycjiOBHflx  ^xaiiHOHapHocxH  6hjio  nojiyneno  CJieAyK)ra;ee  ypaBHenne: 

^’oh  = K + £[/1)  . (1) 
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rAe«  s—  KOHCTaHTa,  xapaKxepnayioD^aH  HHHUiHHpyiomyK)  chocoGt 
HOCTb  aMHHa,  Vq  — CKOpOCTb  HHHI^HHpOBaHHH,  o6yCJIOBJieHHOrO‘ 
BsaHMOfleHCTBHeM  nojiHMepa  c KHCJiopoji;oM. 

.rie^pBan  npoHaBO^HaH  3toh  (J)yHKi]:HH  paBHa: 


d-ll] 


2?0  * ^ 


paaB 


(2) 


IIpH  nepexofle  OT  MajiHX  sna’ieHHH  [/]  k GojibniHM  — saaK 
npoH3BOflHOH  MeHneicfl  ot  pTpnn;aTejii>Horo  k noJiowHTejibHOMy  h, 

V »W^,MMonb/MOJJb  cefs^ 


PhC.  6.  SaBHCHMOCTb  CKOpOCTH  OKHCJIGHHH  KayHyKH 
OT  KOHI];eHTpai^HH  aMHHOB 

7 — c flH^e.HHJiaMHHOM,  2 — Cr$eHHn-p-Ha$THJiaMHHOM, 

3 — C 


cjieAOBaTejibHo,  $yHKii,HH  npoxoAHx  nepea  MHHHMyM.  CooTBexcTB^e 
uemjxy  nojiynenHOH  xeopexHHecKOH  aaBHCHMocxbK)  h xapaKxepoM 
BKcnepHMeHxajibHOH  kphboh  CBHAexejibCXByex  o npaBHJibHOCXH  bhc- 
KasaHHHX  npejncxaBJieHHH  o6  HHHii;HHpyion3;eM  AeHCXBHH  HCCJie;aio- 
BaHHoro  HHrHSnxopa. 

AnajiHs  ypaBHGHHB  nosBOJiHex  ycxaHOBHXb  npHHHny,  o6y- 
CJiOBJiHBaK)m,yio  npn  noBbimeHHH  xeMnepaxypH  CMemenne  z?Mim  b 
CTopoHy  GojibineH  [/]  (pnc.  2).  B xo^Ke  MHHHMyMa  [I]  ^OTKy^a 


:(S> 
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BoapacxaHHe  c-  xeMnepaTypoii  6yAeT  nponcxoAHXB,  ecJiH 

(^0  “f"  -^pasB)  (^KHP  “t~  EcJIH  y'lGCTB,  ^XO  ^pasB  TO 

370  HepaBencxBO  6yji:ex  coGjiiOAeno  npn  ycjioBHn: 

TaKHM  oSpaaoM,  yBejinnenHe  [/]i?mhh.  c xeMnepaxypoH  nponc-* 
xoAHx  B peayjiBxaxe  xoro,  hxo  CKopocxb  HHHn;HHpoBaHHH  (z?^) 
pacxex  c xeMnepaxypoH  6ojibnie,  ^gm  CKopocxB  HHimHHpoBaHHH, 
npoxGKaiomero  noA  BoaABHCXBiieM  HHrnSnxopa.  OxcyxcxBHe  mhhh- 
MyMa  Ha  KpnBOH,  oxHocHmencH  k 70®,  o6'bHCHfiexcH,  no-BHAHMOMy, 
CJIHniKOM  MaJIOH  CKOpOCTBH)  OKHCJieHHH  aMHHa  B AailHBIX  yCJIO- 
BHHX. 


Vq^*IQ  ^MMOlib/Mcei^ 


PhC.  7.  SaSHCHMOCTB  CKOpOCTH  OKHCJieHHH  Kay^KOB  OX  KOHAGH- 
TpaAHH  $eHHJI-P-Ha(|)THJiaMHHa 
1 — SyTaHneH-CTHpojiBHuii  KayTya,  2 — CyranHeHOBtift  Kayqya 

BbiJia  HCCJieAOBaHa  aaKOHOMepHocxB  CMemeHHH  MHHHMajiBHOH 
CKopocTH  npn  nepexoAe  k ApyrHM  KHraSHiopaM  KJiacca  aMHHOB, 
oxjiHHaioiAHxcH  anepren  cbhsh  N — H b MOJieKyjie.  Ha  peayjiBxa- 
TOB,  npHBeAeHHBix  Ha  pnc.  6,  a xaKHce  na  AasHHx  66  okhcjighhh 
SyxaAHeHOBoro  KaynyKa  [4]  cjieAyex,  hxo  3(|)(|)eKXHBH0CTB  hhxh- 
6HxopoB  pacxex  c yBejinneHneM  a^^eKxa  conpH>KeHHfl  b MOJieKyjie, 
cnoco6cxByK)ni;ero  yMeHBineHHio  sHepruH  cbh3h  N — H h aKXHB- 
R 

\ 

HOCTH  paAHKajia  N . 
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B cjiynae  flH^^eHHJiaMiiHa  Tonna  MHHHMyMa  CMemaeTCH  no  cpaB- 
HeHHK)  CO  cjiynaeM  $eHHJi-p-Ha$THJiaMHHa  b cxopony  6ojii>niHX 
KOHD,eHTpaiJ,M  HHrH6HT0pa. 

CpeffH  KOHCTaHT,  onpej^ejiHK)in,Hx  BejiHHHHy  [/]z?mhh  (ypaBHenne* 

(3)),  npn  nepexoAC  ot  OAHoro  HHrH6HTopa  k ApyroMy  HSMenniOTCH 
BHanenna /cunr  n s.  OaeBHAHO,  axo  b asihhom  cjiyaae  Ha6aH)AaeMoe 
CMemenne  o6ycjiOBjieHo  MenBrnen  BeananHon  /Cmir  A*^>i  AH^enna- 
aMHHa. 

B cayaae  AH-p,p'-Ha$xHaaMHHa  ^ynKAna  ne  npoxoAHX  aepea 
MHHHMyM,  a CXpeMHXCH  KnOCXOHHHOH  BeaHaHHe.  IIpHaHHOH  axoro 
MOJKex  6hxb  Maaaa  aKXHBHocxB  AHHa^xnaaaoxHoro  paAHKaaa,  ne* 
cnoco6Horo,  no-BHAHMOMy,  HHHAHHpoBaxb  OKHcaenne  Kayayaa.. 

B saKaioaenne  caeAyex  paccMOxpexb  noaoHcenne  a6cii;nccLr’ 
XOaKH  MHHHMaabHOH  CKOpOCXH  B SaBHCHMOCXH  OX  Xima  OKHCaae- 
Moro  noanMepa. 

Ha  AaniiHX  pnc.  7 caeAyex,  axo  [I]vmiih  OKaabiBaexca  ajih  6yxa- 
AHen-cxHpoabHoro  Kayayaa  AaH<enpHl00°  anaaiixeabHo  6oabnieH, 
aeM  ajih  6yxaAneHdBoro.  Ilpn  120°  6yxaAHen-cxHpoaBHHH  aay- 
aya  oSaaAaex,  no  cpaBnennio  c OyxaAnenoBHM  aayayaoM,  noBbi- 
mennoH  peaaAHOHHon  cnocoOnocxbio  no  oxHonrennio  a ancaopoAy 
[8].  OxcioAa  caeAyex,  axo  anaaenna  Vq  h /cpaae  AJih  nero  Bbime  n, 
B cooxBexcxBHH  c ypaBHCHHeM  (3),  BeaiiaHHa  [I]vmm  Stixa. 

6oabnie.| 
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Summary 

A kinetic  study  of  the  oxidation  of  butadiene-styrene  and 
butadiene  polymers  in  the  presence  of  secondary  aromatic  amine 
inhibitors  has  been  made  over  the  temperature  range  70 — 150°.. 

The  rate  of  the  inhibited  oxidation  has  been  found  to  depend 
upon  the  inhibitor  concentration.  In  contrast  with  other  inhibi- 
ted processes  this  relation  is  described  by  a curve  with  a mini- 
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mum.  The  concentration  corresponding  to  the  latter  depends  upon 
the  oxidation  temperature,  polymer  reactivity  and  lability  of  the* 
imino  hydrogen  of  the  inhibitor  molecule. 

Experimental  data  and  the  kinetic  computation  have  shown 
that  the  extremum  on  the  efficiency-concentration  curve  is  due 
to  the  fact  that  the  amine  not  only  exerts  a retarding  but  also 
an  initiating  effect  on  the  polymer  oxidation  process.  The  lat- 
ter is  due  to  direct  interaction  of  the  amine  and  molecular  oxygen 
taking  place  during  the  inhibited  oxidation  of  the  polymer.  The- 
kinetics  of  oxidation  of  the  amine  have  been  investigated. 

The  duration  of  the  induction  period  of  the  polymer  oxida- 
tion process  grows  not  in  proportion  with  the  inhibitor  concent- 
ration. The  relation  between  the  length  of  the  induction  period 
and  rate  of  oxidation  of  the  polymer  for  various  inhibitor  contents 
has  been  investigated  and  discussed. 

The  inhibitor  concentration  exerts  a marked  influence  on  the- 
over-all  rate  of  structural  changes  undergone  by  the  polymer  in 
the  oxidation  process  and  also  on  the  ratio  of  the  degradation  and 
structuration  velocities  of  the  molecular  chains. 

The  change  in  efficiency  of  the  inhibitor  with  respect  to  the 
oxidation  temperature  has  been  examined. 


Resume 

Une  cinetique  de  Toxydation  des  polymeres  de  butadiene 
avec  styrolene  et  de  butadiene  en  presence  des  inhibiteurs  du 
type  des  amines  aromatiques  secondaires  de  70  a 150°Cest  etu- 
diee. 

. On  a revele,  que  la  vitesse  de  I’oxydation  inhibitee  depend 
de  la  concentration  de  Tinhibiteur.  Cette  dependance,  contraire- 
ment  aux  autres  processus  inhibites,  est  decrite  a Taide  d’une 
courbe  avec  un  minimum.  On  a etabli,  que  la  concentration  qui 
correspond  au  minimum  sur  la  courbe  est  due  a la  temperature 
de  Toxydation,  a la  reactivite  du  polymere  et  a la  mobilite  de 
I’hydrogene  d’imino-groupe  -dans  la  molecule  de  I’inhibiteur. 

Une  serie  de  donnees  experimentales  et  le  calcul  cinetique  ont 
montre  que  la  cause  de  Texistence  de  I’extremum  sur  la  courbe 
qui  decrit  la  dependance  de  la  concentration  de  I’efficacite  de 
Famine,  en  qualite  d’inhibiteur,  consiste  a son  aptitude  a agir 
dans  le  processus  de  Toxydation  du  polymere  comme  I’inhibi- 
teur  et  Tinitiateur  simultanement. 
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Le  dernier  fait  resulte  de  Taction  reciproque  entre  Tamine  et 
Thydrogene  moleculaire,  qui  a lieu  durant  Toxydation  inhibi- 
tee  du  polymere.  Une  cinetique  de  Toxydation  de  I’amine  a ete 
etudi^e. 

• La  duree  d’une  periode  indilctrice  de  Toxydation  du  poly- 
mere s’accroit  d’une  fa(jon  disproportionnee  a la  concentration 
de  Tinhibiteur.  Une  liaison  entre  la  duree  de  la  periode  d’indu- 
ction  d’une  part  et  la  vitesse  de  Toxydation  du  polymere  d 'aut- 
re part  a une  concentration  variee  de  Tinhibiteur  a ete  4tudiee. 

La  concentration  de  Tinhibiteur  exerce  un  influence  sensible 
sur  la  vitesse  generate  des  changements  de  structure,  que  le  po- 
lymere subit  pendant  le  processus  d’oxydation,  de  meme  que 
sur  le  rapport  de  destruction  et  de  construction  des  chaines  mo- 
leculaires. 

Enfin  un  changement  de.  Tefficacite  de  Tinhibiteur  suivant 
la  temperature  de  Toxydation  du  polymere  a ete  examine. 
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MEXAHH3M  3Am,HTHOrO  flEflCTBMH 
BEH30JIbHbIX  KOJIEII 
riPH  PAflHOJIH3E  nOJIHCTHPOJTA 

A . H.  TI  p a 6 e d n u no  o,  Hti  111  en  - n a n 
(CCCP) 


OopaaoBaiiiie  nonepe^Hbix  CBaaeii  npn  paAiiojiiiae  iiojihcth- 
pojia  conpHH^eHo  c saTpaToii  aiiaHUTejiBHo  Sojibnieii  aHeprmi,  aeM 
3TO  HaSjiioAaeTCH  npii  oSpaBOBamiii  nonepeaHLix  CBaaeii  noA  Aeii- 
CTBueM  HBJiyaeHHH  b nojinnepax,  ne  coAepH<amnx  ^enHJibHLTx 
rpynnnpoBOK,  TaKHx  Kan,  nanpuMep,  noJinaTHJieH.  Ecaii  npii 
paAHOJiHae  nojiHaTTUiena  na  oSpaBOBaime  oahoh  nonepeanoH  CBaan 
aaTpaaHBaeTCH  25—35  de,  to  npii  paAnojinse  noJniCTiipojia  ara 
nejiHaiiHa  BOBpacTaeT  ao  3000 — 5000  Be  [1 — 3].  B to  jko  BpeAia 
BbixoA  cboOoahlix  paAHKajiOB  npn  oSjiyaeimpi  jiiineiiHLix  napa^ii- 
iiOB  ToabKO  B 5—7  pa3  npoBHinaGT  bhxoa  paAHKajiOB  113  ajiKiui- 
apoMaTHaecKHX  coeAnnennH  (Taiaix  KaK  TOJiyoji,  aTHJi6eH30Ji)  [4  I. 
TaKHM  o6pa30M,  BbicoKaH  paAnaAHOHHaa  CToiiKOCTb  noJiiiCTir- 
pojia  He  Mom'eT  SbiTb  o6bHCHeHa  3ain,HTHLiM  aghctbiigm  oenBOJib- 
uhix  KOJiei];. 

fljiH  bbicokoii  paAHaii,HOHHoii  ctohkocth  nojiiiCTii- 

pojia  HeoSxoAHMO  paccMOTpeTb  MexannsM  peaKAim,  npoTCKaio- 
miix  npH  paAHOJiHse  aToro  nojiiiMepa.  Atom  soAopoAa,  oGpaaoBaB- 
uiriHCH  B peayjibTaTe  paspbisa  cbhsh  C — H nojinMepnoii  MoaeKy- 
Jlhl  TIOA  AGHCTBneM  HSJiyHeHIIfl 


CHo  — CH  — CH2-W 

I 

Call,, 


CH.  — C — CH2-. 


4-  l i 


(I) 


MOVKOT  yaacTBOBaTb  b A^yx  peaKAiiax: 

1 . OTpbiB  aTOMa  BOAopoAa  ot  ajiH(J)aTHHecKoii  n;enH 


H -f- 


28  3nK.  414 


CKo  — CH  — CHo 

I 

C0H5 


Ho  -h 


.Cl-lo  - C - CHo 
• 1 
CoHs 


(2) 
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2.  npiicoeAHHeHHe  k abomhoh  cbh3h  6eH30JibHoro  KOJibAa  c o6- 
pasoBaHHeM  CBoSoAHoro  paAiiKajia  rana  AHKJioreKcaAHeHHJibHoro 

CH2  — GH  — CH2  CHo  — GH  — 


Oxa  peaKAHH,  corjiacuo  AaHHbiM  MejiBiiJiJia  11  Po6a  15],  npoxenaeT 
c o^eHb  6oJiBinoH  CKopocibio. 

BcjieACTBHe  hhskhx  CKopocTeii  Aii^^ysnw  b sacTeiuiOBaiiiibix 
nojiHMepax  h bhcokhx  CKopocxeii  peaKAHH  c ynaCTneM  axoMapiioro 
BOAopoAa,  oSpasoBaBmnecH  TaimM  nyxeM  paAHKajiH  na- 

xoAHXbCH  B HenocpeACXBeHHOH  6jih30Cxh  ox  nepBHHHoro  paAHKa- 
jia,  oSpaaoBaBinerocH  no  peaKAHH  (1).  BaanMOAencxBHe  nepBini- 
Horo  paAHKaJia  c paAnnaJiOM^  oGpaaoBaBmnMca  no  peaKAHii  (2), 
onesHAHo  npuBOAox  k oSpasoBannio  nonepe^HOH  cbasii: 

CgH5  ' Cells 

1 I 

^CHo  — G — CH2  — CHo  — C — CHn  -- 

-j-  ■ . I 

_ C!U  — C — CH2  --  -V  CHo  — C — CH2  -- 

I I 

CeHa  Cells  - GO 

BaaiiMOAencxBMe  me  nepBHBHoro  paAHKajia  c AHKJioreKcaAneHMJib- 
HbiM  paAHKaJiOM  MOjKex  npoHCXOAHXb  AsyMH  nyxHMH: 

1.  9xh  paAHKajibi  Moryx  peKOM6nHHpoBaxb  Apyr  c ApyroM  c 
o6pa30BaHneM  nonepenHon' CBaan: 

CHo  — CH  — CHs  -wv  ^ CHs  — CH  — CH2  — 


-vCHs  — G--CH2--  — C — Clio-- 

I ' I . 

CeHe  CeHo  (5) 

B nojibsy  npeAnojio>KeHHH  0 npoxeKaHHH  axon  peaKn,HH  roBopnx 
xox  (j)aKx,  nxo  npn  paAiiojinse  nojincxnpojia  bbixoa  nonepennHX 
CBflaen  BcerA^  BHme,  neM  bhxoa  BOAopoAa  (oSpasoBanne  nonepea- 
HOH  CBfl3H  no  peaKAHH  (5),  KaK  bhaho  h3  npHBeAOHHoro  Bbime  ypaa- 
neHHH,  He  conpoBOKAaexca  BbiAOJienneM  BOAOpOAa). 
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2.  KpoMC  Toro,  3Tit  paflilKajibi  Moryx  Bcxynaxt  b peaKi^ni» 
flltc^po^op^HOHnpoBaHMH: 


~-CH2  — CH  — CH2  — 


— C.II2  — C — C1I.>'- 

I 

C0H5 


CH2  — QH  — GHi-w 

I 

. CeHs 

+ 

CHg  — GH  — 

•| 

CcHs 


(0? 


PeaKu,ii>i  AHcnponopi^HOHiipoBaHHH  npiiBeAex  k BOCCTaHOBJieiiHio 
KCXOAHoro  cocTOHHHH  H,  cjiBAOBBTejibHO , K pacceHHHio  3HeprH0 
6e3  o6pa30BaHiiH  nonepe^Hbix  CBHseH.  B peayjitxaxe  axoro  3(J)(|)eK- 
TiiBHocxb  npou,eccoB  oSpasoBaHHH  nonepeHHLix  CBHaen  6yAex  na- 
Aaxb,  a anepruH,  saxpaniiBaeMaH  na  o6pa30BaHHe  OAHOii  nonepea- 

MOli  CBB3Ii, — Bospacxaxb. 

HeoSxoAHMbiM  ycjioBJieM  npoxeKaniiH  peaKAim  (6)  c bucokoiI 
CKopocxbK)  HBjiaexcH  iiii3Kaa  noABH>KHOcxb  rxojiHMepHLix  Aeneii. 
yaejinMeHHe  noABii>KHocxH  Aeseii,  iianpHMep,  npn  BBeAeHHH  b no- 
jiuRiep  pacxBopnxejiH,  yBejinniix  BeponxHocxb  peKOMSimaAHH  nep- 
BHnHbix  paAHKajiOB  (b  xBepAOM  nojiUMepe  axa  Bepoaxnocxb  iipaK- 
xiiiiecfKH  paBHa  nyjno)  n,  cjieAOBaxejibHo,  cniiaiix  CKopoGXb  pean- 
i\iui  [6].  CKOpocxb  o6pa30BaHHH  nonepenubix  CBflseii  H3  pac^iexa 
na  aiiepxHio,  norjioxAeHHyio  nojinnepoM,  AOJi>KHa  Boapacxn, 
loiAiiecH  B jiHxepaxype  AaHHbie  [6]  o KOHAenxpaAHOHHoii  saBiicnMo- 
cxH  CKopocxH  oSpaaoBaHHH  nonepeHHHX  CBHsen  noKasMBaiox,  hxo 
ripn  HaSyxanMH  hjih  pacxBopeniiii  nojiHCxnpojia  b axHJiaAeTaxe 
anepniH,  saTpaHiiBaeMan  na  oSpaaoBaniie  nonepennoH  cbksh,  ywenb- 
riraeTCH  n npii  KOHAeHxpaAHii  iiojiiiMepa  20%  Aocxiiraex  miihii- 
Ma.TibHOH  BejiHMHHbi  333  96,  jiHiDb  Ha  OAHH  HopHAOK  npesHHiaioiAnif 
BejiiiHHHy  BHepnoi,  hgoOxoahmoh  ajih  oSpasoBaHnn  nonepeniiHx 
CBH3eii  B nojiH3THJieHe.  Hpii  ABJibnenmeM  paaOaBjreniiH  pacxBopa 
BejiiiquHa  aneprHH,  hboOxoahmoh  aJIh  o6pa30BaHHH  nonepeqHbix 
cHaaen,  CHOBa  Bospacxaex,  qxo,  oneBMAHo,  CBnaano  c yMeHbmeHHeM 
BepoHXHOcxH  Bcxpenii  nojiiiMepHbix  paAHKa<JiOB  Apyr  c ApyroM; 
BCJiCACXBHe  3Toro  Bce  Oojibinyio  h SoJibrnyio,  pojib  naqiiHaeT  nr- 
paxb  BsaHMOAencxBHe  . nojiwMepHbix  paAHKajioB  e paAnKajiawii^ 
oOpaaoBaBiHiiMHCH  113  pacxBopiixejia. 

C AGJIbH)  3KCnepHMeHXaJIbHOH  npOBepKH  W3JI0>KeHHblX  BHUie 
QpeACxaBJieiiHH  0 MexaniisMe  BaaiiMOAeiicxBiiH  iiepsHnnoro  11  ahk- 
JioreKcaAneHHJibHoro  paAHKajiOB  naMii  6biji  CHHxesHpoBaH  no  iwe- 
TOAy  PenaHAa  [7]  113  CeHsCCla  ii  CH3COOD  AeiixepHpoBaHHbiH 
TOJiyoji  CD^CgHs,  y Koxoporo  Bce  axoMW  b MexiijibHoi  rpynne  6u- 
JIM  aaMeiAGUbT  iia  aghtgpiih.  Hpii  BsaHMOABHCXBHii  c SeHsojibiibiM 
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KOJibi^OM  axoiia  fleHT,epHH,  o6pa30BaBinerocfl  npa  paaptiBe  cbh- 

3H  C— D noA  AeficTBHeM  o6jiyHeHHa 


CeHjCDa  ~w— > CjHjCDj+D 


(7) 


o6pa3yeTCH  MeTHJiAHKJioreKcaAHeiiHJibHHH  paAHKaji,  coAepjKamHH 
B KOJibn;e  axoM  AeiixepnH 

CDs 

^ I 

D -I-  CellsCDs  - 


/)■ 

D 


(8) 


UpH.  B3aHM0AeHCTBHH  TaKOFO  paAHKa*iia  c riepBHqHMM  paAHKaJiOM 
BCJieACTBHe  HSOTOnHOrO  3(J)(|)eKTa  npOIICXOAHT,  B OCHOBHOM,  OTpUB 
aTOMa  BOAopoAa,  a He  aTOMa  AeHxepHH 

CD3  ' 

'CDs 


y 


D 

CcHs 


-CDs’ 


I 

CsHiD 

+ 

CeHsCDsH 


(9) 


H,  CJieAOBaxejibHo,  nepexoA  AeaxepHH  h3  ajiH(JtaxHaecKOH  i];enn  b 

KOJIBAO.  • 

- Jl^eHxepnpoBaHHbiH  xojiyoa  oGjiynajiH  na  ycKopnxejie  b aaMopo- 
HtCHHOM  CQCXOHHHH  (npH  xeMHepaxype  WHAKoro  aaoxa).  IlocJie 
oQjiyaeHHH  xojiyoji  OKHCnajiH  ao  6eH30HH0H  khcjioxh  boahum  pa- 
GXBopoM  KMn04  npa  95°.  BeHSOHHyio  KHCJioxy  oaHJnaaa  mhoxo- 
KpaXHOtt  BOSrOHKOH  B BaKyyMB  H CHCHraJIH  B XOKe  KHCJIOpOAa. 
B o^paaoBaBraeiicH  nocne  OKHraHHH  boab  no  njioxHOCXH  onpeAeJiajiii 
coAepJKaHHe  AeHxepaa.  noJiyaeHHHe  peayjibxaxH  npaBeAenbi  u 
xaSjiHAe.  XIpn  KOHxpoabHHX  onnxax  (6e3  o6jiyaeHHa)  npacyxcx- 
BHa  A®axepHH  b boa®)  ® cjioAoBaxeabHO  h b 66H3oabHbix  Koab- 
pax,  oSnapyjKeHOr  lie  6biao. 

06ay>ieHHe  flCHTepupoBaHHoro  xoayoaa 


Hoaa 

CoAepJKaHHe 
AeHTepHH  B BOAC, 
MOJI.  % 

aneprHB,  saTpaqen- 
naFi  Ha  nepexofl 

1:  aTOMa  neiiTepHH 

B KOJlbllO,  36 

‘ r 3,80 

1,25 

960 

4,75 

2,18 

750 

436 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


Approved  For  Release  2009/08/28  : CIA-RDP80T00246A010900180001-1 


nojiy^eKHtie  peayjibxaTLi  noKasHBaioT,  hto  CKopocTb  peaK- 
u,nii  (8—9),  no  KpanneH  Mepe,  b 5—6  paa  npeBHniaeT  CKopoc™ 
npoij,eccoB,  npHBOAHmHX  k oSpasoBaHHio  nonepennux  CBBseii. 

TaKHM  o6pa30M,  BHCOKaa  CTaGnjibHOCTb  nojiiiCTHpoaa  b ana*-  , 
MHxejibHOH  cxeneHH  CBnaana  c npoxeKanneM  peaKi^HH  apcnpo- 
nopaHOHHpoBaHHH  nepBHHHbix  pa^HKaaoB  c paAHKaJiaMH  ahkjio- 
reKcaAHeHHJibHOro  xima. 
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Summary 

The  cross-linking  energy  in  the  radiolysis  of  polystyrene  is 
100  fold  that  of  polyethylene,  whereas  the  free  radical  yield 
in  the  radiation  of  linear  paraffins  is  only  5—6  times  as  much 
as  that  from  alkylaromatic  compounds.  Therefore,  the  high 
radiation  stability  of  polystyrene  can  not  be  explained  by  the 
conventional  scheme  for  the  action  of  the  benzene  rings. 

Ill  order  to  explain  the  high  radiation  stability  of  poly- 
styrene the  mechanism  of  the  reactions  taking  place  during  ra,- 
diolysis  of  the  polymer  must  be  examined.  A hydrogen  atom 
liberated  as  the  result  of  rupture  of  a G — H bond  under  the 
action  of  radiation  may  react  in  two  ways:  1)  removal  of  a hydro- 
gen atom  from  the  aliphatic  chain,  and  2)  addition  to  the  double 
bond  of  the  benzene  ring  with  the  formation  of  a free  radical  of 
the  type  of  cyclohexadienyl.  Owing  to,  the  low  rate  of  diffusion  in 
the  vitrified  polymers  and  the  high  rate  of  reaction  with  atomic 
hydrogen,  the  radicals  formed  in  this  way  should  be  in  the  imme- 
diate vicinity  of  the  primary  radical.  Interaction  of  the  latter 
with  the  radical  formed  by  removal  of  a hydrogen  atom  from  the 
aliphatic  chain  will  lead  to  the  formation  of  cross-links. 

As  to  the  interaction  between  the  primary  radical  and  cyclo- 
hexadienyl this  may  take  place  in  the  following  two  ways. 
The  radicals  may  recombine  with  each  other  to  form  cross-links 
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or  they  may  engage  in  a disproportionation  reaction.  Dispropor- 
ftionation  will  lead  to  restoration  of  the  initial  state  and  hence 
to  the  dissipation  of  energy  without  cross-link  formation.  This 
will  result  in  a drop  in  efficiency  of  the  cross-linking  process, 
the  energy  for  the  formation  of  one  cross-link  increasing. 

in  order  to  obtain  experimental  verification  of  the  above 
conceptions  as  to  the  mechanism  of  interaction  of  the  primary 
and  cyclohexadienyl  radicals,  the  radiolysis  of  deuterated 
toluene  CgHsCDs  was  studied  at  the  temperature  of  liquid  ni- 
trogen. In  that  case  the  addition  to  the  benzene  ring  of  a deute- 
rium atom  formed  on  rupture  of  a G — D bond  under  'the  ac- 
tion of  radiation  and  the  subsequent  disproportionation  of  the 
cyclohexadienyl  and  primary  radicals  should,  owing  to  the  iso- 
tope effect,  lead  to  transition  of  deuterium  atoms  from  the  ali- 
phatic chain  to  the  ring.  The  results  obtained- showed  that  the 
rate  of  these  processes  should  exceed  at  least  5—6  fold  the  rate 
of  the  processes  leading  to  cross-linkage. 

It  thus'  follows  that  the  high  radiation  stability  of  polysty- 
rene is  to  a considerable  extent  assocmted  with  disproportio- 
nation of  the  primary  and  cyclohexadienyl  radicals. 


Resume 

La  depense  d’energie  pour  la  formation  des  liaisons  trans- 
versales  au  cours  de  radiolyse  de  polystyrolene  surpasse  de  100 
fois  celle  pour  la  formation  des  liaisons  transversales  au  cours 
de  radiolyse  de  polythene  tandis  que  le  rendement  des  radicaux 
libres  par  suite  d'irradiation  des  paraffines  lineaires  depassent 
celui  des  radicaux  sur  les  composes  alcoylaromatiques.  Ainsi 
une  haute  resistance  a la  radio-activite  ne  pent  pas  etre  expli- 
'quee  par  le  schema  general  de  Taction  des  noyaux  benzeiiiques. 

Ayant  pour  but  d'expliquer  la  haute  r&istance  de  polysty- 
rolene a la  radio-activite  il  est  necessaire  T examiner  le  me- 
caiiisme  des  reactions  qui  ont  lieu  pendant  la  radiolyse  de  ce 
polymere.  L'atome  d'hydrogene  qui  s'est  forme  a la  suite  de 
rupture  de  C — H.  liaison  d'une  molecule  polymerique  sous 
Taction  d'irradiation  pent  reagir  selon  deux  reactions:  1)  le 
detach ement  de  Tatome  d'hydrogene  d'une  chaine  aliphatique 
at  2)  T addition  de  noyau  benzenique  a une  liaison  double  suivie 
par  la  formation d'un  radical  libre  du  type  de  cyclohexadiene. 
A cause  de  petites  vitesses  de  diffusion  dans  les  polymeres  vit- 
reux  et  de  grandes  vitesses  de  reaction  avec  la  participation 
d'atome  d'hydrogene  les  radicaux  ainsi  formes  doivent  se 
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trouver  a utie  proximite  immediate  du  radical  primaire.  L' in- 
teraction d'un  radical  primaire  et  d'un  radical  forme  a la  suite 
de  detachement  de  Tatome  d'hydrogeiie  sur  une  cliaine  ali- 
phatique  aboutira  a la  formation  des  liaisons  transversales. 
Quant  a Tinteraction  de  radical  primaire  et  de  radical  de  cyclo- 
liGxadiene,  elle  pent  se  realiser  suivant  deux  voies:  ces  radi- 
caux  peuvent  soit  donner  une  recombinaison  de  Tun  a T autre 
suivie  par  la  formation  de  liaison  transversale,  soit  s’ engager 
en  reaction  de  disproportion.  La  reaction  de  disproportion  abou- 
tira au  retablissement  de  I’etat  initial  et,  en  consequence,  a la 
dispersion  d^energie  sans  former  de  liaisons  transversales.  En 
consequence,  I’efficacite  des  processus  de  reticulation  diminuera 
taudis  que  la  depense  d'energie  a la  formation  d’une  seule  liai- 
son transversale  augment  era. 

Dans  le  but  de  controle  experimental  des  representations, 
exposees  ci-dessus,  sur  le  mecanisme  d'interaction  des  radicaux 
primaires  et  des  radicaux  de  cyclohexadiene  on  a etudie  la  ra- 
diolyse  du  deutero-toluene  .GgHgCDs  a la  temperature  egale 
a celle  d'azote  liquide.  Dans  ce  cas  Taddition  de  Tatome  de  deute- 
rium, qui  est  forme , par  suite  de  rupture  de  la  liaison  C — D 
sous  Taction  d’irradiation,  au  noyau  de  benzene  et  la  dispro- 
portion suivante  des  radicaux  de  cyclohexadiene  et  primaire 
doivent  mener  par  suite  d'effet  isotope  a la  transition  des  atonies 
de  deuterium  de  la  cliame*  aliphatique  au  noyau.  Les  resiiltats 
obtenus  montrent  que  la  vitesse  de  ces  precedes  surpasse  au 
nioins  de  5 — 6 fois  celle  des  precedes  aboutissaiit  a la  forma- 
tion des  liaisons  transversales. 

Ainsi  la  haute  resistance  de  polystyrolene  a la  radioactivite 
est  dans  une  large  mesure  liee  a Texecution  de  la  reaction  de  dis- 
proportion entre  les  radicaux  primaires  et  radicaux  du  type 
cyclohexadienique. 
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Hsy^eHiie  ni/^pojiHTiiMecKOH  CTa6njibHOCTii  w/?mc*'(tphdthjikcmji-' 
OKCH)"ajiH)MHHHH,  mem/?aKKc-(Tpii3THjiCHJioKCH)  THTana  M mempa- 

K:WC-(tPII3THJICHJIOKCh)  OJIOBa. 

Ha  pnc.  1 npeACTaBjieno  HaMeneniie  bhbkocth  10%-Horo  pac~ 
TBOpa  m/?li6-(TpH3THJIKCHJI0KCM)  aJIIOMIlHHH  HpH  ^eHCTBHH  2,33, 

2,80,  3,27  H 3,74  MOjiH  BOflH  Ha  1 MOjih  ^^I^^poJIH3yeMO^o  Bem;ecTBa. 


HQCbt 

PmC.  1.  fHApOJllia  ////»UC~(TpH3THJICIIJ10KCH)  aJIIOMIlHHH.  a — 2,33  MOJIH  BO/IU 

iia  i MOJih  Al[OSi(C2H5)3]3. 

6 — pasjiHHHiiie  KOJiHMecTBa  boah  na  1 jwojj-b  Al[OSi(C2H5)3]3 
J ' — 2,80  afoyi.9;  2 — 3,27  moah\  3 — 3,74  .Aioywi. 

Ha  pHC.  2 npHBeAGHH  aiiajiorHHHbie  AanuBie  o rHApojiHse 
meW/?aKUC-(TpH3THJICIIJI0KCH)  OJIOBa  H Ha  pHC.  3 — 0 THApOJIHSe 
W.em/JaKMC-(TpH3THJICHJIOKCH)  THTaHa . KOJIHHeCTBeHHOli 

OH,eHKH  CKOpOCTH  THApOJIHSa  HCCJIGAOBaHHBIX  COeAHHeHHM  MOJKHO 

paccMOxpeTb  piic.  1,  2 h 3,  na  Koxopbix  npHBe^eno  HSMenenHe 

BH3KOCTII.  m/?WC-(TpH3TIIJICHJIOKCH)  aJIIOMHHHH,  1716171  paKUC-{Tp^- 
3THJICHJI0KCH)  OJIOBa  H WC-(TpH3THJlCHJI0KCH)  THTaHa  Hpil 

AeiiCTBHH  2,33  moji^i  boabi  Ha  1 MOJih  BemecTBa. 

B HanajibHOH  CTaAUH  niApojiHaa  npoAecc  HanpaBjien  rjiaBHHM 
oOpaaoM  B CTOpOHy  oOpaaoBaHiin  JimieiiHBix  nojiHMepOB.  Oxa 
cxaAHH  npoAecca  HSoSpaTKena  na  piic.  1,  2 ii  3 npflMOJiMHemBiM 
ynacTKOM  KpiiBoii.  Ha  AByx  OAHOBpeMeimo  npoTeKaioiAHX  b ch- 
CTGMe  npou;eccoB  peaKn;HH  rnApojiH3a  OyAOT  hath  MeAJieHiiee, 
HOM  peaKAHH  nojiHKOHAOHCaAHH.  IIoaTOMy  CKopocTb  peaKAHH  rii- 
ApojiHsa,  B nepBOM  npii6jiH?KeHiiH,  OAHOSHanHO  onpeAejiaeTca  bhs- 
KOCTbK)  o6pa3yioin;eroca  pacTBopa  nojiiiMepa,  nponopn.HOHajibHOH 
KOJiHaecTBy  rHApojinaoBaBimixca  MOJioKyji. 

HcXOAH  H3  3THX  COoOpaH^eHHH  H OCHOBBIBaaCb  Ha  AailHBIX, 
npHBGAeHHBIX  Ha  pHC.  1,  2 H 3,  M07KHO  BBIHHCJIMTb  BBipaJKOHIlG 
dy]ldT  aJih  npaMOJTHHGHHOro  yaacTKa  KpiiBBix. 
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Bbipa/KeHMe  drildTv  onHCbiBaer  CKopocib  ' riiflpojiHaa  hccjigao- 
BaHHHX  COeAHHeHHH,  KOTOpaa  MOHCGT  6bITb  BbiaHCJIGHa  KaK  Tan- 
reiic  yrjia  naKJiOHa  iipHiMOJiHueiiHoro  y^iacTKa  KpHBon  k ocii 
BpeMeim  {T). 


SHaMGHHa  V MCCJIGAOSaHHblX  COGAIIHGUllii,  Bbl^lUCJIGHllbie 

rrocjie  npHBGAGHna  AaHHux  k oAHOMy  MacmxaSy,  npHEGAenbi  b 

Ta6ji.  1. 

IIoJiyHGHHiiie  AaHHHG  AaiOT  B03M0>KH0CTb  CpaBHHBaTb  CKOpOC- 
TH  rHApojiHsa  nccjiGAOBaHHHx  bgiagctb.  Ecjih  npanaTb  cKopocTb 
rHApojiHsa  mem/?aK^^c-(TpH^fHJlCHJIOKCH)  THTana  aa  1,  to  cKopoc- 
TH  riiApoJiHsa  ocxajibHHx  cogahhghhh  6yAyT  HMexb  sHaaeHHa, 
npHBGAeHHHG  B nocjiGAHGH  xpa^G  xa6ji.  1.  Ha  axax  Aaniibix  bha- 
HO,  BTO  HanSoJibnieH  CKopocxbio  rHApojinaa  oSjiaAaex  inempaKUC- 
(xpHaXHJICHJIOKCH)  OJIOBO,  aaXGM  7?Z/?liC-(xpH3THJlCHJI0KCIl)aJlI0MHHIlii 
H HaHMGHGG  rHApoJiH3yioiii;iiMCH  coGAHHGHHGM  aBJiHGTCH  mempaKuc- 

(TpHaXHJIcnJIOKCH)THXaH. 
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PaccMOTpHM  Tenepb  nsMeHeHiie  CKopocTii  rHApojiHsa  c m- 
•MeHenneM  ' KOHii,eHTpai^HH  bojxu  b peaKi^noKHOH  cpe^e  ajih  Bcero 
‘BpeMeHH  peaKn;HH,  bmotb  H<eJiaTHHH3aii;nH  pacTBopa  hjiii  71,0 
J10CTH>KeHHH  OnpeAeJIGHHOH  BH3K0CTH. 

T a 6 Ji  II  a a 1 


CKopocTb  rHflpoJinaa  mewtpcifKwc-(TpHaTiiJiCHjioKCH)ojioBa, 
mpwc“(TpnaTiijicHaoKcn)aaiOMHHHa  h mempanuC' 
(TpnaxHacnaoKCH  )TiiTaHa 


I 

! 

CoeAHHemie 

CKOpOCTb 
riiapoaHsa,  Hac"‘ 

i 

OTHoctiTeab- 
Haa  CKOpocTk 
rHflpoaHsa 

Sn  [OSi  (C2H5)sl4 

_ 

200-10-® 

2220 

A1  [OSi  (C2H6)3l3 

2,45-10-® 

27,2 

Ti  [OSi  (C2H6)3]4 

0,09-10-® 

J 

r EcJIH  BpeMH  >KeJiaTHHH3ail,HH  paCTBOpa  (hjiii  BpeMH  AOCTHJKC- 
tHHB  onpeAejieHHOH  bk3KOcth)  npn  KOHi;eHTpan,HH  bo^w  M paBHO 
7,  TO  CKOpOCTb  H3MeHeHHfl  BpeMeHH  >KeJiaTHHH3aTJ,TIH  C H3MeHeHHeM 


l’iic.3.  rnApoan3  /»empa«:wc-(Tpii3THacHaoKCH)THTaHa  paaaH'iHbiMH  KoanuecTaa- 
MH  boah  Ha  1 Mojih  Ti[OSi(G2Hs)3]4. 

J— 2, 33>o^/i;  2—2,80  3— 3,27  jvtoyi^i;  5 — 7,50  mojir\ 

6 — i5  MOAeiX. 
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KOJiii^ecTBa  BaaToii  boabi  SyAex  nponopAHOHajibna  BpeMemr 
H<eJiaTHHH3aU,HH  T.  EcjIH  o6o3HaTOTb  CKOpOCTb  H3MeHeHHfl  Bpe- 
MCHH  ?KeJiaTHHH3aAHH  B SaBHCHMOCTH  OT  KOJIH^eCTBa  B3HTOH  BOAM 

nepes  dT/dM,  to  (bcjih  yaecTb,  axo  c yBejiiiaenHeM  KOHAeHxpaAHn 


Phc.  4.  3aBHCHMOCTB  jiorapH(J)Ma  EpeMCHH  >KejiaTnHH3apHH 
pT  KOJiH'iecTBa  BOAbi  (b  moaux)  npH  ruApojiHse. 


BOAbi  speMH  >KejiaxHHH3aAHH  yMeHbmaexcH),  mojkho  cocxaBuxb- 
cjieAyioiAee  ypaBHenne: 

riocjie  Heo6xoAHHbix  npeo6pa30BaHHH  nojiyaaeM:  ^ ~ — kdM; 
MHxerpnpyH  nojiyMeHHoe  ypaBHOHiie,  bbiboahm  OKOHaaxejibHO!- 

lu  r = —kM  + c HJiH  D \g  T = A --  BM. 


Ha  piic.  4 iipeACxaBJieHa  3aBHCiiMOCXb‘  jiorapn^ivia  BpeMeHH; 
H^ejiaxHHii3aii;ini  ox  KOJiHaecxsa  b3htoh  b peaKAHio  boah.  Kan, 
m'oh^ho  BHAexb  H3  pnc.  4,  axa  saBucHMOCxb  npHMoaHHeiiHa 

Bcex  HCCJICAOBaHHLIX  COeAHHeHHH. 

SnaHenHe  /c  = 2,3i?,  HBJiHioiAeeca  K03$$HAHeHX0M  nponop- 
AHOHaJibHOCTH  B ypaBHeiiiiH  (1),  xapaKxepHsyex  iiSMeHeHne  Bpe- 
MeiiH  jKejiaxHHH3ai];HH.  c H3MeHeHHeM  KOJiiiaecTBa  b 3 axon  boam,. 
Hjiii,  Hiiaae  roBopa,  HBJiaexca  BeJiHHPiHOii,  xapaKxepiiByioiAeH  h3- 
MeneHHe  CKopocxn  rHApo^^a, 

B xa6ji.  2 npHBeAeHbi  anaaenHa  K03(J)(|)HiJ,HeHTa  /c,  BbiaHCJieHHbie 
II3  AaHHbix,  npHBeAeHiibix  aa  pnc.  4. 
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CjieAyeT  OTMeXIlTB,  ^TO  7^im/?aKWC-(TpH3THJICHJIOKCH)TW- 

Tana,  KOToporo  H3-3a  HCKJiio^HTejibHO  mbajighho  npoxeKaio- 

an;ero  riiApojiHsa  BpeMH  H^ejiaTHHHsaAHH  ne  Morjio  ycxa- 

T a 6 Ji  H a a 2 


3Ha‘ieHHH  k ajih  ??ie«^paKtic-(TpH9Tii;icn-iOKCH) 
oaona,  7WJ»WC-(TpH9TIIJICIIJIOKCH)aaiOMllllHH  H 
me/lipaKWC-(TpH3TIIJlCH.10KCH)TlITaiia 


CoefliiHCHne  j 

h' 

Sn  [OSi  (C2H5)3](i 

8,51 

A1  [OSi  (C2Hs)a]3 

5,52 

Ti  [OSi  {C2H5)3]4 

1,33 

HOBJieHO,  Bce  pac^eTH  6lijih  BbinojineHti  BpeMenii,  hgoSxo- 

j^HMOro  A-^^i  AOCTH>KeHHfl  yAejibHoii  baskocth  0,4. 

Ho  Hameiviy  MHemijEO  MexaHH3M  rHApojiH3a  HCCJieAOBaimbix 
ooeAHHeimt  saHJiioHaeTca  b o6pa30BaHHH  KoopAHHan,iiOHHOro  co- 
eAHHeHHH  Me>KAy  MOJieKyjiaMH  boabi  h rHApojiHsyeMoro  Bein,ecTBa 
€ nocjieAyioiAHM  pacnaAOM  oSpasoBaBineroca  KOMHJieKca  no  cxoMe: 

HO— H 

RaSiO— Al— OSiR^  + H^O ^ (RaSiO— Al-OSiR3)  

OSiRa  OSiR. 


(RaSiO- 


I i 

-Al-OSiR.,) 
I ' 

OSiR., 


RaSiO 

^Al-OH-"  RjSiOH 

M'O 


SHaTOTejibHO  6onee  bhcokhh  niflpojinTiiqecKaa  ycToiianBOCTb 
iiccjieAOBaHHMX  coeAHHennH  b cpaBHennii  c rHApojiHTimecKOH 
ycTonn^iBOCTbio  ajiKOKCnjibHbix  npoHSBOAHbix  o6yc,TTOBJieHa  na- 
rneTaiomiiM  AencTBHeM  nojio>KHTejibHO  nojiapHSOBannoro  axoMa 
KpeMHHH  no  cxene: 

• 

R,Si— O— Al— OSiRj 
I 

OSiRj 
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B CBBSH  c qeM  o6pa30BaHiie  AOHopiio-aKi^enTopHOH  cbh3pi  c MOjie- 
Kyjioii  BOABi  6yAeT  saTpyAHeno. 

B ajiKOKCHJiBHHX  npoH3BOAHHx,  SjiaroAapH  aM(|)OTepHOcm 
yrjiepoAa  npoii;ecc  nMeex  npoTHBonojroKHBiH  xapaKxep 

i I • 

RCH.,  — 0 — AlOR 
OR 

B CBBSn  c ^leM  KOopAHHaAHOHHoe  npucoeAHHeHHe  BOABr  SyAex  npo- 
HCxoAiiTb  3HaHHTejibHO  jier^e,  KpoMe  xoro,  cnocoGnocxb  k o6pa- 
aoBaHHK)  npoMeH{yxoTOoro  KOMnjieKca  6yAex  npoHBjiaxbCH  xgm 
JiexHe,  HGM  6ojibme  paAHyc  axoMa  AeHxpaJibHoro  ajieMenxa  ii  mom 
pea^ie  BBipa>KeH  ero  3jieKxporiojio>KHxejibHBiHxapaKxep.TaKHM  o6pa-- 
30M  3KcnepiiMeHxaJibHO  Ha6jiK)AaeMyH)  nocjieAOBaxejibHOCXb  b cko- 
pocxn  rHApojiiiaa,  Bbipan^aeMyio  ySbiBaioiAHM  phaom 

Sn>Al>Ti, 

IHO>KH0  OObHCHHXb  yKasaUHLIMH  BBimG  C006pa/KeHIlHMn  H HaJlHBIieAl 
npocxpaHCXBeHHBix  saTpyAHenHii  npii  MajiOM  paAnyce  AeHTpajib- 
Horo  axoMa,  BOsupiKaroiRHX  ii3-3a  npncyxcxBHH  chjibho  passex- 
BjiCHHBix  xpiiaxiiJtciiJiOKcaHOBBix  Tpynn. 


S ii  ni  m a i*  v 

The  hydrolytic  condensation  of  trialkylsiloxane  derivatives 
of  the  formula  (R3SiO)nMe  leads  to  the  formation  of  an  oxano- 
metallic  chain  and  trialkylsiloxane  groups  within  the  framework 
of  the  main  chain.  The  formation  of  polymers  by  this  mechanism 
is  due  to  the  hydrolytic  cleavage  of  the  metallic  atom  from  the 
trialkylsiloxane  group.  The  subsequent  stability  of  the  polymer 
formed  to  the  action  of  water  will  depend  also  upon  the  hydro- 
lytic stability  of  the  trialkylsiloxane  residues. 

In  order  to  quantitatively  evaluate  th6  rate  of  hydrolytic 
cleavage  of  the  trialkylsiloxane  group  from  the  various  trialkyl-, 
siloxane  derivatives  a viscometric  method  was  employed  in 
which  changes  in  viscosity  of  solutions  of  the  compounds  were 
followed  with  respect  to  duration  of  the  hydrolysis  and  concen- 
tration of  the  reactants. 

From  the  changes  in  viscosity  of  the  solutions  the  rate  of  hydro- 
lysis of  the  compounds  and  the  values  of  the  hydrolytic  stability 
constants  could  be  calculated. 
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Resume 

La  condensation  hydrolytique  des  derives  trialcoylsiloxani- 
ques  de  la  formule  (RsSiO)^  Me  aboutit  a la  formation  des  poly- 
meres  contenant  une  chaine  -metallooxanique  et  des  groupes 
trialcoylsiloxaniqiies  dans  rencadrement  d’une  chaine  polyme- 
risee  essentielle.  Le  processus  de  la  formation  des  polymeres  selon 
le  schema  indique  est  base  sur  un  detachement  hydrolytique  du 
groupe  trialcoylsiloxanique  sur  un  atome  du  metal.  Une  stabi- 
lite  consequante  du  polymere  forme  a d’ action  de  Lean  dependra 
de  la  stabilite  hydrolytique  des  groupes  trialcoylsiloxaniqnes 
continuant  de  rester  en  polymere. 

Pour  Tapreciation  quantitative  de  la  vitesse  de  l' hydrolyse 
du  groupe  trialcoylsiloxanique  dans  de  differents  derives  tri- 
alcoylsiloxaniques  on  a applique  une  methode  viscosimetriquc 
a I'aide  de  laquelle  etait  etudie  un  changement  de  viscosite 
des  solutions  des  composes  suivant  la  duree  de  I'hydrolyse  et  la 
concentration  des  reagents. 

L' appreciation  de  changement  de  la  viscosite  des  solutions 
permet  de  calculer  la  vitesse  de  I'hydrolyse  des  composes  etii- 
diees  et  de  determiner  la  valeiir  d'une  constante  de  stabilite 
hydrolytique  des  polymeres  formes. 
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